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ABSTRACT 
One of the main objectives of the present study is to investigate the mechanism 
of particle production in relativistic heavy ion collision. For this purpose 1524 
interactions with N^>0, where N^ represents the number of secondary charged particles 
produced in an interaction with relative velocity P<0.7, caused by 4.5 A GeV/c silicon 
with emulsion nuclei have been analyzed to study the emission characteristics of 
produced particles. Further, in order to investigate the dependence of various emission 
characteristics of secondary particles on the target mass, the experimental data are 
divided into three different categories of disintegrations,namely, (i) events having Nj_=0,l, 
due to hydrogen (ii) disintegrations with 2<N^<8 belonging to the light group of nuclei 
(CNO) and peripheral collisions with heavy (AgBr) nuclei and (iii) interactions with 
N^>8 due to AgBr nuclei. Dependence of the characteristics of shower, grey, black, 
heavily ionizing tracks and compound multiplicity on the projectile mass has also 
been examined. 
Results reveal that the multiplicity distribution of black tracks does not depend 
on the projectile mass, whereas the multiplicity distribution of grey tracks is observed 
to become enriched by the events having higher N values with increasing projectile 
mass . This finding is in fine accord with the predictions of the fire-ball model. 
The results further reveal that the multiplicity distribution of relativistic 
particles strongly depend on the projectile mass. It is worthmentioning that the number 
of disintegrations having lower N^  values decreases with increasing projectile mass 
and the distribution is observed to become broader. Incidentally,this observation is in 
good agreement with the prediction of the superposition model. Furthermore, the 
compound multiplicity distribution is also observed to become broader with increasing 
projectile mass. 
Mean numbers of grey, <N >, black, <N^>, shower, <N^>, heavy tracks, <Nj^ > 
and compound multiplicity <N^> have been determined. It is observed that the mean 
multiplicity of secondary particles emitted with relative velocities P<0.3 is 
essentially independent of the mass and momentum of the projectile. This constancy of 
<N^> indicates that the average energy imparted to a struck nucleus for its excitation is 
independent of the projectile mass. It would further indicate that the number of 
evaporated products emitted from the struck nuclei may be interpreted as a measure of 
the tepiperature of the excited target nuclei.It is interesting to note that the constancy of 
<N^>, would further suggest that it is not possible to heat a target nucleus above a 
certain critical temperature. 
The value of <N > is observed to increase rapidly with increasing projectile 
mass at the same beam momentum per nucleon. This result can be explained in terms 
of the prediction of the fire-ball model. In the fire-ball model, grey particles are 
envisaged to arise from the participant volume and the number of participant nucleons 
should increase due to increasing volume of the cylinder cut in the target nucleus by the 
projectile nucleus. This volume, thus, increases with increasing projectile mass. 
Consequently, the value of <N > should increase. It may be of interest to mention that 
the mean number of relativistic charged particles, <N^>, the mean compound 
multiplicity, <N> and the dispersions of the distributions of N^ and N^ increase with 
increasing projectile mass. However, the values of the ratios <N^>/D(N^) and 
<N^>/D(N,) are observed to remain essentially constant. 
Angular distributions of black, grey and shower tracks produced in 
4.5 A GeV/c silicon-nucleus collisions are also investigated. From the study of the 
angular distributions, it is observed that these distributions do not show up any 
peculiarit) which can through light on the occurrence of the shock wave phenomenon. 
Furthermore,the angular distributions of black and grey tracks are practically indepen-
dent of projectile mass. However, from the study of the angular distribution of relati vis-
tic charged particles, it may be stated that the angular distributions are almost similar 
for both carbon- and silicon-nucleus collisions at the same beam momentum per nucleon. 
Distributions of compound multiplicity and relativistic charged particles 
produced in silicon-nucleus interactions are analyzed in terms of the KNO scaling 
function of the type proposed by Slattery. It is observed that the scaled multiplicity 
distributions of relativistic charged particles and compound multiplicity obey a 
KNO-scaling behaviour in silicon-nucleus interactions. Furthermore, it is observed 
that the integral probability distributions of relativistic charged particles, heavy tracks 
and compound multiplicity also exhibit KNO like scaling behaviour. A study of the 
dependences of the dispersions of black, grey, relativistic tracks and compound 
multiplicity on <Nj^ >, <N >, <N^> and <N^> also reveals a KNO type scaling behaviour. 
Multiplicity correlations amongst the grey, black, shower, heavy tracks and 
compound multiplicity, have been investigated. It may be of interest to aeld that 
<N >-<Nj^ > correlation is linear one only upto <Nj^ >~23 and thereafter the behaviour 
becomes quite random. This type of behaviour of the correlation may be due to the 
catastrophic destruction of the target nuclei. However, <N^>, <N^> and <N > are 
observed to increase linearly with <Nj^ >. It is also observed that <N^>, <N^> and <N^> 
increase linearly with <N >. The variations of <N > and <N > with <N > and <N > 
•^ g h c 5 c 
with <N^> demonstrate that linear relationships exist between the studied parameters. 
From the study of the central moments and the normalized moments of the 
relativistic charged particles, the central moments are observed to depend strongly on 
projectile mass, while the values of the normalized moments remain essentially 
unchanged with increasing projectile mass. 
A study of the total disintegrations of heavy emulsion nuclei has also been carried 
out. The results show that the probability of catastrophic destruction of target nuclei 
depends strongly on the projectile mass. This behaviour may be explained in the light 
of the fact that at high enough energies, elastic cross-section do not depend on the 
projectile energy but there is a weak dependence on the mass of the struck nuclei. 
Furthermore, the study of the distributions of grey, black, shower tracks and compound 
multiplicity for inclusive events, that is, (N^<27) and totally disintegrated events (Nj^ >28) 
indicates that the distributions tend to become wider due to total disintegration of target 
nuclei. It is also observed that the number of events having higher values of 
N increases for the case of collisions with relatively lower values of impact parameter. 
The variation of <N^> with the average number of intranuclear collisions, <v> has been 
examined; <N^> is observed to grow rapidly in the case of events having (N^>28) as 
compared to their corresponding values for the total ensemble of inelastic interactions. 
It is worthmentioning that the mean multiplicities of different types of secondary 
particles observed in the case of the totally disintegrated events are much higher in 
comparison to the values obtained for inclusive collisions and the collisions 
characterized by N|^ >0. 
Study of the angular characteristics of relativistic charged particles has been 
carried out in terms of the pseudorapidity variable r|. It is observed that with increasing 
projectile mass the shapes of Ti-distributions are not much different. But excess of the 
particles arising out due to increase in the projectile mass tend to appear onh in the 
central region of the rapidity space. A Study of rj-distribution in different N^ -^bins has 
also been carried out . It is observed that centroid of rj-distributions shift towards 
higher value of ii with increasing impact parameter. 
The normalized pseudorapidity densities has been investigated for both totally 
disintegrated and inclusive collisions. The value of the normalized pseudorapidity 
densities is found to be less than unity in projectile fragmentation region for both types 
of collisions. However, the mean normalized pseudorapidity density is observed to 
increase rapidly in the target fragmention region. 
The behaviour of the rapidity width, R(r|), distributions for the two groups of 
interactions having N^<27 and N^>28 is also studied . It is observed that the maxima of 
R-distributions shift towards lower values of R(TI) with increasing impact parameter. 
This may be due to the fact that the relativistic particles produced at relatively larger 
angles would tend to appear in the target fragmentation region. 
Finally, the study of the characteristics of clusters produced in 4.5 A GeV/c 
Silicon-nucleus collisions reveals that the cluster sizes are essentially the same in 
nucleus-nucleus, nucleon-nucleon and hadron-nucleus interactions. Furthermore, the 
values of parameter B and D are obsreved to be almost the same for these three types of 
interactions. Further, the study of the rapidity gap correlations reveals that the 
mechanism of hadronization of the final state relativistic particles is perhaps the same 
in both hadron-nucleus and nucleus-nucleus collisions. 
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PREFACE 
The main motivation behind the present study is to glean some interesting and 
important information on the mechanism of multiparticle production in relativistic heavy 
ion collisions. These information may be obtained by investigating the emission character-
istics of secondary particles produced in relativistic nucleus-nucleus interactions, such as, 
multiplicity distributions, pseudorapidity distributions, cluster formation and validity of 
the KNO scaling, etc. In order to examine the dependence of various parameters used in the 
study of multiparticle production in relativistic heavy ion collisions on projectile mass, 
their experimentally observed values are compared with their corresponding values obtained 
for different projectile nuclei at the same beam momentum per nucleon. 
Results presented in this thesis are based on the analysis the experimental data 
involving 1524 disintegrations having Nj^ >0, where N^^ represents the number of particles 
produced in an interaction with relative velocity P< 0.7, caused by silicon nuclei in nuclear 
emulsion at 4.5 GeV/c beam momentum per nucleon. In the present investigation, 
attention has been focussed on such aspects of multiparticle production which have not 
been studied earlier; the problems which remained completely neglected so far ha\ e been 
adequately addressed. 
In Chapter I, an attempt is made to briefly discuss the phenomenon of multiparticle 
production in relativistic nucleus-nucleus collisions. The importance of the present work 
has also been underlined in great. The models which describe the characteristics of 
nucleus-nucleus collisions are discussed. Chapter II deals with the experimental technique, 
the methods of measurements, selection criteria and details regarding the stack used in the 
present experiment. Other related details about the present work are presented in this 
Chapter. 
The experimental results such as the multiplicity distributions of grey, black, shower, 
hea\7 tracks and compound multiplicity, their dispersions, intercorrelations between them, 
etc., are presented in Chapter III. 
Results on the characteristics of the catastrophic destruction of heav^ target (AgBr) 
nuclei at 4.5 A GeV/c are presented in Chapter IV. 
Chapter V deals with the results on the angular characteristics of relativistic charged 
particles analyzed in terms of the pseudorapidity variable, T|. The dependence of various 
angular characteristics of secondary relativistic charged particles produced in the 
interaction of Si beam with Ag and Br nuclei on the impact parameter are examined m 
Chapter V. Furthermore, characterstics of the cluster formation and the dependence of their 
size on the projectile mass are also disscussed in this chapter. 
A brief summary and important conclusions arrived at on the basis of the findings of 
the present investigation are presented in Chapter VI. 
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Introduction 
1.1 Introduction 
Discovery of heavy nuclei in the cosmic-rays in late forties generated considerable 
interest in the study of heavy ion collisions at high energies [1]. In the beginning, studies on 
heavy ion interactions were mainly confined to determining fragmentation cross-section 
and interaction mean free path of nuclei. Furthermore, extensive study of the problem was 
not possible owing to low flux and wide energy range of the cosmic-ray nuclei. Moreover, 
in those days, even the mechanism of elementary hadron-hadron collisions was not very 
well understood (2]. Thus, in the beginning, most of the workers [3-4] focussed their 
attention on the study of high energy nucleon-nucleon collisions as the studies on 
nucleus-nucleus collisions were considered to be very complex and messy affair. Hence, 
nucleus-nucleus collisions were not thoroughly investigated. However, this scenario has 
considerably changed and the study of relativistic nucleus-nucleus interactions is now 
attracting a great deal of attention of high energy physicists both experimentalists and 
theorists. 
Interest in the study of high energy heavy ion interactions increased manifold with 
the advent of heavy ion accelerators. In the beginning heavy ion beams were accelerated to 
the relativistic energies in Bevatron at Berkeley and in synchrophasotron at Dubna in early 
seventies. Simultaneously, energies of the accelerators used for research in nuclear physics 
were increased, so that relativistic beams of heavy nuclei became available at several places 
like GSI, Darmstadt in Germany, GANIL in Saclay, etc. 
During the past decade, interest in the study of relativistic nucleus-nucleus interac-
tions has tremendously increased. There are a variety of reasons for the rapidly growing 
interest in the study of relativistic heavy ion collisions. These collisions are, incidentalh, 
the only means to compress and heat up nuclear matter in the laboratory. However, the main 
reason is the possibility of examining the formation of Quark Gluon Plasma (QGP). It is 
believed that such collisions may provide some useful and interesting clue about the 
characteristics of nuclear matter under extreme conditions of temperatures and densities. 
It is worthmentioning that in nuclear reactions with beam energies exceeding a few hundred 
MeV per nucleon, the available energy is considerably greater than the nuclear binding 
energy. Hence the collisions are quite violent in comparison to those at low energies. In 
ordinary nuclear matter, the density of the nuclear matter is about 0,16 fm^ so that the 
typical closest-neighbour separation is about 2 fm. Incidentally, this distance is larger than 
the de Broglie wavelength of a nucleon of kinetic energy greater than a few hundred MeV. 
At such energies, therefore, the projectile nucleon can recognize the individuality of the 
target nucleons. 
The second reason of the growing interest in the investigation of nucleus-nucleus 
collisions is the idea that the study of the characteristics of Quark Gluon Plasma would 
provide opportunities for testing Quantum Chromodynamics (QCD) at larger distances where 
the coupling is predicted to be relatively stronger. The study of such a state would help 
answer some of the cosmological questions because formation of quark gluon matter is 
visualized to occur in the collapsing stars. Hence the creation of fluctuation in the early 
universe could be explained by studying the formation and properties of Quark Gluon Plasma. 
1.2 Mechanism of heavy ion collisions 
Mechanism of multiparticle production in high energy heavy ion interactions may be 
explained on a very simple conceptual basis, in which the colliding nuclei are pictured as 
the two clouds of nucleons propagating through each other, with the nucleons suffering 
sequential hard collisions with those of other nuclei as shown in Fig. 1.1. The concept of 
the participant and the spectator follows directly from this figure. The nucleons lying in the 
overlap region of the projectile and the target nuclei are referred to as the participants, 
whereas the nucleons of the non-overlap region of the projectile and the target are 
respectively called the projectile and the target spectators. 
The nature of the participant portion of the colliding system is more complicated; the 
nucleons suffer hard collisions when the two nucleon-clouds interpenetrate. Some of the 
nucleons in these collisions convert into A-reasonances. During this process, various types 
of mesons are also produced. Later on, as the system dissociates, long-range interaction 
between the emerging particles tends to become comparatively more important for the 
formation of final fragments. 
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Fig.1.1 Heavy ion collision at high energies 
1.3. Classification of relativistic heavy ion collisions 
Heavy ion collisions are generally classified into three categories, peripheral, 
quasi-central and central collisions. A brief description about the three types of collisions is 
presented below. 
1.3.1 Peripheral collision 
A peripheral collision is envisaged to occur when the impact parameter, b, nearly 
equals the sum of the radii of the projectile and the target nuclei, i.e., 
b « ( R , + R^) (1.1) 
where R^  and R^ are the radii of the projectile and target nuclei respectively. 
bi a peripheral collision, projectile and target nuclei are quite far apart, so a small 
momentum is transferred between the interacting nuclei. Consequently, in such a collision, 
a small number of relatively faster particles as well as slower target fragments are produced. 
Projectile fragments are emitted in the narrow forward cone with momenta per nucleon 
equal to that of the projectile nucleons, whereas target fragments are generally produced 
having relati\ ely larger emission angles in the laboratory frame. The constituent nucleons 
of both t\'pes of fragments are known as the participants. The spectator nucleons are 
envisaged to disintegrate through fragmentation or evaporation process. Furthermore, in a 
peripheral collision, the rapidity values lie mostly in the projectile and the target fragmen-
tation regions, which are separable at relativistic incident energies as exhibited in Fig. 1.2(a); 
the figure is taken from ref. [5]. 
1.3.2 Quasi-central collision 
An interaction is said to be quasi-central when the impact parameter is less than the 
sum of the radii of the two colliding nuclei and greater than the absolute value of the 
difference of the radii of the two nuclei, i.e., 
(R, + R,) > b >|R, - R J (1.2) 
Peripheral 
collisions 
TF 
(a) 
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(R)4R2)>b^) R? - R 2 I 
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^ = -\n tan 0/2 
Fig.1.2 A schematic out line of pseudorapidity 
distributions for peripheral,quasi-central and central 
collisions produced in relativistic nucleus-nucleus 
collisions. 
1.3.3 Central collision 
In a central collision, the value of the impact parameter is less than the absolute value of the 
difTerence of the radii of the interacting nuclei, 
0 ^ b < | R , - R , | (1.3) 
In quasi-central and central collisions, the projectile and the target nuclei are 
envisaged to be quite close to each other. The difference in the two types of colUsions could 
be imderstood in terms of the number of nucleons participating in the interaction. Such 
events are characterized by relatively larger multiplicities of the produced particles and the 
emitted target fragments. Further, emission of the secondary particles is quite symmetric 
with respect to the mean direction to the incident beam. In the case of the central collisions, 
however, the projectile nucleons are participant and there are no spectators. It may be of 
interest to note that when a nucleon is no longer a spectator in a reaction, it is scattered into 
the rapidity space between the projectile and the target fragmentation regions. Therefore, in 
these two types of collisions, whole of the rapidity space is kinematically permissible for 
the creation of the secondary particles. The difference is only in the degree of population in 
the central region. In the central collision, the projectile fragments are completely absent 
and rapidity space available for the particles is essentially limited to the projectile and the 
target fragmentation regions [Fig.l.2(b) and 1.2(c)]. 
1.4 Nuclear fragmentation 
Fragments produced with lower velocities (P< 0.3) in the rest frame of the projectile 
or target nucleus may be considered 'spectators' of a relativistic heavy ion coUision. The observ ation 
of projectile fragments with higher values of rapidity in the laboratory is qmte usefiil as it permits 
measurements of fragments momenta that coirespond to very low velocities in the projectile frame. It 
may be noted that momentum measurements are not possible with the traditional target fragmentation 
experiments due to inabihty of the fragments to escape from the targets of finite thicknesses. 
1.4.1 Projectile fragmentation 
Single-particle inclusive experiments are the basis for obtaining information on 
projectile and target fragmentations. In these experiments, the reactions to be investigated 
are of the type, 
B + T -> F + X (1.4) 
where B and T denote respectively the beam and target nuclei, F is the (single) detected 
fragment nucleus and X represents all other (undetected) reaction products. 
Two general terms used in both high energy physics and low energy physics have 
wide application. In high energy particle physics, the first feature is called 'limiting 
fragmentation' [6] or 'scaling' [7]. Multiplicity distributions of secondary particles with 
finite energies in the rest frame of the projectile or target approaching a limiting form with 
increasing bombardment energy is referred to as the scaling. The second term which is 
commonly used is the 'factorization [8]. The possibility of cross-section for the production 
of a particular projectile fragment being written as the product of a factor y^  depending 
only on the target and a factor y^  depending only on the beam and the fragment produced is 
known as the factorization. In the language of nuclear physics, both factorization and 
limiting fragmentation are examples of the Bohr's independent hypothesis for the deca> 
product of a 'compound nucleus' |9]. 
1.4.2 Target fragmentation 
Cross-sections for fragmentation of light nuclear target (A < 27) by proton and 
alpha beams are generally in fine agreement with the projectile fragmentation data for com-
parable energies [10,11]. The fragmentation of heavy targets nuclei (A > 67) leads to a 
wide range of fragment residues, the products of spallation and nuclear fission. The large 
number of identifiable radionuclides gives a good statistical basis for comparing the mass 
and charge distributions for different target/projectile/energy combinations, as a mean for 
revealing new interaction mechanisms that may take place. 
Heavily ionizing tracks with momenta in the interval p < 0.25 A GeV/c produced in 
the relativistic nucleus-nucleus interactions may be attributed to target fragmentation 
112-15|. The rapidity spectra of the target fragments resuhing from AgBr nuclei bombarded 
by ^He, '^ O and *°Ar projectiles at« 2 A GeV/c are foimd to be Maxwellian |12]. It may be 
mentioned that Gosset et al |16] have carried out an extensive study to examine the 
emission characteristics of the target fragments using *He and ^°Ne projectiles at incident 
energies ranging from 0.25 to 2.1 A GeV. Single fragment inclusive spectra have been 
examined [15] in the angular interval between 25° and 125° for the energy per nucleon in 
the range 30 < E <150 MeV. 
1.5 Basic phenomenology of heavy ion collision 
1.5.1 Quark Gluon Plasma 
In the early seventies, experiments on deep inelastic electron-proton collisions 
revealed that nucleons have an internal structure; nucleons are known to be made up of 
quarks. The field theory that describes these quanta is the Quantum Chromodynamics. It is 
interesting to mention that the QCD leads to the conclusion that a single free quark cannot 
be observed in laboratories, the so-called physical vacuum, because they are confined by 
the strong interaction that binds them to each other. This strong tie is represented by a 
quantum number called 'color'. Further, all observable particles are colorless or color 
neutral. On the other hand, at high densities and temperatures, the strong binding amongst 
the quarks and gluons tend to weaken and color objects may propagate relatively longer 
distances. This is believed to be the scenario which existed in the evolution of the 
universe. 
At high enough densities, condition for the production of quark gluon plasma, may 
be reached in laboratory in heavy ion reactions at relatively higher energies. When this 
condition is reached, a large number of quarks and gluons might be produced in the 
reactions. This is the only possibility for the production of unbound quarks and gluons in 
laboratory in a small volume around (lO-lOO)fin' for a short time, (2-10)fin/c. 
The search for quark gluon plasma is still in progress and no clear cut quantitative 
conclusions have yet been obtained [17-19]. 
1.5.2 Nuclear equation of state 
Even if quark gluon plasma is not formed in a given reaction, it is very useful to 
know the behaviour of the matter under high densities and temperatures, which can be reached 
in heavy ion reactions [18]. The intermediate states of a collision may involve as many as 
500 particles, even at low energies (100 A MeV) in a small volume. If the energy is 
increased, so much that particle-antiparticle creation easily becomes possible around 100 A 
GeV, the number of particles involved in a reaction may go up even to several thousand. 
This system is, although quite small, sufficiently large for statistical and kinetic equations to 
be applicable. Since the heavy ion collision is highly dynamical progress, therefore, both the 
equilibrium and non-equilibrium properties of the matter can be studied. Of course, 
equilibrium and non-equilibrium effects can not be easily separated. 
The thermodynamical properties of the matter in statistical equilibrium are described 
by an equation of state. There are three interesting features of the equation of state under 
investigation. 
(i) phase transition from continuous nuclear liquid into a nuclear vapour of fragments 
and nucleons, the so-called nuclear liquid-gas phase transition or the multi-fragmentation 
transition [18-19], 
(ii) compressibility of nuclear matter at higher densities than the density of matter in 
ground state, and 
(iii) phase transition to quark gluon plasma. 
The non-equilibrium features of matter can also be studied in heavy ion reactions. 
Transport coefficients can also be deduced from experimental results. On the microscopic 
level, these are associated within medium nuclear cross-sections. 
7.5.5 Particle production 
In heavy ion reactions, new particles are also produced due to increasing energy and 
mass of the projectile. Due to the collective effect of several nucleons and their Fermi motion, 
particles can even be produced under their production threshold. Furthermore, elementary 
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particle production is not possible in nucleon-nucleon collisions at very low energies. However, at 
veiy high energies, production of exotic particles, such as strangelets, is also quite likely. 
The above moitioaedpossibiMes provide an opportunity for investigatitighi^ aaergy^ixxxmieiDSL 
Heavy ion beams produced by accelerators being relatively more energetic tend to become a suitable 
means for investigating some of the stated problems. 
1.6 Present Problem 
Following are the main obj ectives of imdertaking the present study. 
(]) to investigate the emission characteristics of secondary particles produced in silicon-emulsion 
interactions. 
(u) to study the characteristics of the catastrophic destruction of heavy nuclei caused by silicon 
projectile and 
(m) to examine the pseudor^idity and rq)idity-gap distributions of relativistic charged particles 
produced in nuclear interactions at high energies. 
For this purpose, a random sample consisting of 1524 interactions withN^^  > 0, wiiereN^ 
represents the number of secondary particles produced in silicon-nucleus interactions with relativ e 
velocity /3 < 0.7, is analyzed to glean some useful and interesting information regarding the above 
mentioned problems. Results of the present study are compared with the corresponding results obtained 
for the interactions caused by other projectiles having the same beam momemtum per nucleon. It 
is worthmentioiung that the comparison yields valuable information on the dynamics of heavy 
ion collision 
(CHflPTCfl T(BJ) 
Nucleus-Nucleus Interaction Models 
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1.1 Introduction 
A large number of theoretical models have recently been put forward for explaming 
the mechanism of multiparticle production in relativistic nucleus-nucleus interactions. Some 
of these models satisfactorily explain particle production in coherent and incoherent relativ-
istic heavy ion collisions. The salient features of particle production through coherent 
collisions are explained in terms of the thermodynamical or hydrodynamical models, or 
both. Usually thermodynamical models take into account the exchange of energy and 
temperature, whilst in the hydrodynamical models mechanical motion of expansion and 
compression of the hadronic matter is considered. Moreover, energy density of hot hadronic 
matter may be estimated with the help of the models on coherent coUisions, while the models 
of incoherent collisions do not allow estimation of the energy density of the hot hadronic 
matter. It may be of interest to mention that the energy density is estimated usmg a model 
dealing with the coherent collisions and the kinematics of the secondary' particles are 
considered in terms of the models which describe incoherent collisions. The most popular 
models of particle production in incoherent hadron-hadron interactions are the Lund Model 
120] and the Dual Parton Model [21,22). In both the models the particle production is 
en\ isaged to take place in two steps. For estimating the energy densit> of hot hadronic 
matter, different theoretical models for coherent collisions ha\ e been proposed by Bjorken 
|23 | , Belenski and Landau |24], Roberts |25] and Nagamiya |26]. 
Some of the important models describing multiparticle production which explain 
various features of particle production in relativistic heavy ion interactions are described 
below. 
1.2 Hydrodynamical Model 
Hydrodynamical model was developed by Amsdan et al |27,28| to explain the mecha-
nism of nucleus-nucleus collisions. This model is primarily based on the assumption that 
the interaction mean free path is much smaller than the size of the colliding nuclei. It is 
believed that when the projectile and the target nuclei collide, they instantaneously merge 
and come to equilibriimi as a drop of nuclear fluid and the subsequent e\olution m time is 
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governed b> the laws of hydrodynamics. 
In the hydrodynamical model approach, projectile and target are considered as two 
different nuclear fluids and the behaviour of each fluid is determined by the fluid dynamics, 
conservation equations for nucleon number, momentum and energ)'. In the two fluids model 
|29,30], the reaction is envisaged to take place between two distinct fluid droplets and these 
fluid droplets are originally filled with cold nucleon gas. In this model it is assumed that the 
two interacting nuclei can interpenetrate while retaining their identities. However, the degree 
of interpenetration is governed by the geometry. The subsequent expansion and cooling of 
the overlap region is almost instantaneous. The two fluid model [29,30] which does not 
expJJcitJy lake into account the production ofpions become more important with increas-
ing projectile energy. It has been reported [271 that the fluids are supposed to coalesce into 
a single entity at energies below 1 GeV per nucleon and a non-relativistic approach becomes 
feasible. 
The three fluids model [31] visualizes the formation of a third fluid which is known 
as the hot dense fire-cloud. This third fluid is formed due to intranucleonic collisions in the 
overlap region of the colliding nuclei; the third component is assumed to consist of 
scattered nucleons, produced A-resonances, n and p-mesons. The three fluids interact 
mutually by particle collisions. The interpenetration of the projectile and the target nuclei is 
specified by the geometry while the particle production and decay process with the hot 
component are governed by hadrochemical equations. 
1.3 Bjorken's Model 
This model is one dimensional and time dependent. If energy is increased the Lorentz 
contracted nuclei would become transparent to each other, in a way that their valence quarks 
will almost maintain their original rapidities. However, these quarks may exchange some 
color charge which may lead to the creation of a chromoelectric field, similar to the electric 
field between the two capacitor plates, where the condenser plates fly apart from each other. 
The energy density of this field is quite substantial. 
The energy density in the heavy ion collisions can be evaluated in the non-stopping 
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and stopping regimes which will be quite different in the two cases. In the non-stopping 
regime, when the target nucleus is transparent, a baryon-free central region would be formed. 
This region is depicted in Fig.1.3. The volume responsible for the particle emission per 
unit rapidity is calculated from (23]: 
V = 7tR^L (l.S) 
where L = Cx,^ i Xo '^ ^ typical hadronic time scale and R is the radius of the projectile. In 
general, the value of x^ = 1-2 fin/c is used in calculations. The energy (E) accumulated 
within this \ olume, which would be released primarily by pion emission, is related to the 
experimental observables : 
E = V^f^T^( iM.)= |^ (1.6) 
the energy' densit>' is thus given by: 
_ _ ^ _ 1 _ ^ , , 7 , 
^- V " 71 R^CXo dY " • ' ' 
The abo\ e expression is know as the Bjorken's formula. 
In the stopping regime, which is attained when the target is black, both the projectile 
and target slow down in the centre of mass frame (Fig. 1.3). The density for the nucleus-
nucleus collisions e\aluated by Goldhaber (32] is expressed as: 
P = 2y^fJ (1.8) 
where y is the Lorentz factor of the centre of mass svstem and p , is the density of the 
I cm - r 11 
normal nuclei. In this case the Lorentz contracted volume is gi\ en by: 
\=4^J— (1.9) 
p. Y 
"^  • 'cm 
the energ\ accumulated in this volume is twice the nucleon number (2A) times the energ\ 
carried bv each nucleon (y mc^) 
'^' cm ' 
E = 2A7 mc^ (l-*^" 
'on 
the energ\' density is thus given by: 
E = ^ = 2Yinic^p^ (1.11) 
E = 2y^8, (1.12) 
where 8„ = mc^p (=0.15GeV/fm)is the energy density of the normal nuclear matter. The 
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Fig.1.3 Sketches of stopping and non-stopping regimes exhibiting 
evaluation of energy densities. 
16 
value of the energy density in nucleus-nucleus collisions at ~ 10 A GeV is almost the same 
as required for the occurrence of phase transition to the quark gluon plasma. 
1.4 Landau's Model 
As the energy increases around E^^ =10-100 A GeV the Lorentz contraction of the 
projectile and target can not be ignored. Even when thermalization is reached rapidly, the 
ratio of the longitudinal thickness and the diameter of the intermediate object is about 
(0.05-0.10), i.e., close to the aspect ratio of the projectile and target in the centre of mass 
frame. Landau's fluid dynamical model assumes an initial condition as a static homoge-
neous disk of such an aspect ratio. This model is the most appropriate to apply in the above 
energy range. 
In the Landau's model |24] the central collision of almost two identical nuclei 
having mass M and radius R is considered. This model based on the assumption that the 
two nuclei should be stopped in the cms of the collisions of the two nuclei and all the kinetic 
energy would be used. It takes into account the relativistic contraction in the longitudinal 
direction. If E ^ is the available kinetic energy in the CM system, the energ>' density, 
according to this model is : 
^ ~ 4/3^R*M ^^-^^^ 
It may be pointed out that for the ultra-relativistic ions, the assumption that the two 
interacting nuclei stop is rather not physical. It may further be noted that this would lead to 
very unrealistic and very high energy densities. 
1.5 Lund Model 
The Lund model [20J has originated from the old multiperipheral models. In the 
Lund Model production of particles in hadron-hadron interactions is visualized to be a two 
step process. In the first step the two hadrons are excited. There is now a second step in 
which the constituents of the two excited hadrons exchange a string of quarks-antiquarks 
from which hadrons originate. In this model the strings are formed between the constitu-
ents of the same hadron. Thus, there is no exchange of color between the colliding hadrons. 
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This is shown in Fig.l.4(a). It should be emphasized that the Lund model was proposed to 
explain soft interactions, i.e., small P^ interactions, or in otherwords, for small momentum 
transfers between two successive components of the string. This is not always the case in 
ultra-relativistic nucleus-nucleus collisions. The Limd model is used to take into account 
also hard scattering. This model can be extrapolated from nucleon-nucleon to nucleus-
nucleus interactions. 
This model has been put into Monte Carlo form. The Monte Carlo version of the 
Lund model is called FRITIOF (32], of which there are several versions. 
1.6 Dual Parton Model 
The Dual Parton model [21,22] has also originated from the old multiperipheral 
models dealing with nucleon-nucleon interactions. In this model, the two nucleons are 
believed to be excited. In the second step, the string is formed between the constituents of 
the two colliding hadrons which, therefore, exchange color which has been indicated in 
Fig.l.4(b). This model was also proposed for describing the salient features of soft interac-
tions. Dual Parton model is used to take into account hard scattering also. This model may 
also be extrapolated from hadron-hadron to nucleus-nucleus collisions and has been put 
into the Monte Carlo form. There are three Monte Carlo Versions of the Dual Parton Model, 
called IRIS [33|, VENUS [34] and Dual Multichain Monte Carlo [35]. 
1.7 Participant - Spectator Model 
The geometrical cross-section for a projectile having B nucleons and the target nucleus 
ha\ ing mass number A can be approximately written as : 
( r = 7nf(B»'' + A»'')^  (H4) 
where r^ , = 1.0-1.2 fin. Nucleons inside the projectile, which hit the target are classified as 
participants, the remaining nucleon, if any, are spectators as exhibited in Fig. 1.5. 
The mean numbers of the participants from the projectile and the target, <P^> and 
<P^> respectively are expressed as : 
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(b) 
Fig.1.4 Diagrams representing a heavy ion collision as 
envisaged in the : a) Lund Model b) Dual Parton Model 
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Fig.1 .5 Par t ic ipant-Specta tor geometry. 
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<F>=-;^-^ (1.15) 
and 
B o - , (1-J6) 
" BA 
where Gp^ and Gp^  are the inelastic cross-sections for proton-nucleus collisions and a^^ is 
the inelastic cross-section for nucleus-nucleus collisions. It is worthmentioning that in 
estimating the production cross-section for the case of nucleus-nucleus collisions, events in 
which one or both nuclei break up into two or more fragments, without meson production 
are not taken into account. 
Average nimiber of the participants from the projectile nucleus is approximately equal 
to the ratio of the geometrical cross-section of the target and the total geometrical cross-
section for the nucleus-nucleus collisions. For instance, the number of participating pro-
tons from the projectile and the target are expressed as [36]: 
(1.17) 
and 
<"> 
<c> 
- V 
=z. 
cr 
g 
f. 
Z.A-
^ 1 / 3 + ^ 1 / 3 ) 2 
Z , B -
^ 1 / 3 + ^ 1 / 3 ) 2 
(1.18) 
the average number of the participant protons, <Z >, is given by : 
<Z""> = < z r > + <zl'^> (1.19) 
Z„ A^+ Z. B '^^  
II A 
^ 1 / 3 + ^ 1 / 3 ) 2 
(1.20) 
Similarly, the average nimiber of the spectator protons from the projectile is given by: 
i2/3 
^ ^ Z^A^ 
< 4 > = V ^ ^ ^ = V (^ 1/3+^1/3)2 (1.21) 
Z^(B^+2B»'*A''^) 
- J^vTiT^y (1.22) 
the integrated inclusive cross-section of the nuclear charge for the spectator and participant 
regions respectively may be expressed as [36]: 
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cf„=<Z>xa (1.23) 
where i is the participant or the spectator. The observed projectile and target mass 
dependence is very well described by the above expression. With regards to the value of the 
absolute cross-section, however, the data at comparatively larger angles require r^  = 1.2 fm, 
whereas the data on the projectile fragments require r^  = 0.95 fm, which is somewhat smaller 
than the expected value. The reason is that the participant-spectator model with straight line 
trajectories is only an approximation. Because of the finite scattering angles, the boundary 
between the spectators and the participants are not sharp, thereby reducing the yield in the 
projectile fragmentation region [36]. 
In this model nucleus-nucleus collisions are generally considered where all projec-
tile nucleons participate. Such events have thus no spectator fragments and are referred to 
as spectator veto events. 
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2.1 Introduction 
Nuclear emulsion is generally used in the study of nuclear disintegrations both as 
target and detector; it is a pasty substance composed of the following basic compounds: 
(1) silver halide, mainly bromide with a small admixture of iodide, of density 6.47 
gm/cc. These are in the form of micro-crystals with linear dimensions ranging between 
0.1 and 1.0 micron, 
(2) gelatine of average density 1.312 gm/cc and a plasticiser such as glycerine are 
employed. The elements present in it are carbon, oxygen, nitrogen, hydrogen and sulphur 
and 
(3) water. 
When a charged particle passes through emulsion it gradually loses energy by elec-
tromagnetic interaction. As a consequence, energies of the atomic electrons increase 
and hence they are raised to the excited energy states which may ultimately lead to ioniza-
tion of the atoms. As a result of ionization of the atoms, some of the halide grains are 
modified in such a way that on immersing in a reducing bath, containing the developer, 
they turn into grains of metallic silver which is recongnisable by its black colour. This 
visible laterally extended path of the charged particle is known as the track of the 
particle. 
When a particle of charge ze and mass M traverses a medium of atomic number Z 
and mass number A, it excites and ionizes the atoms of the medium due to coulomb inter-
action. This results in loss of energy of the incident particle. The rate of energy loss dE 
per unit length dX traversed is given by[l]: 
where v is the velocity of the particle, 3 = v/c, N is the number of atoms per unit volume 
of the stopping material, I is the mean ionization potential and m^ is the electron rest 
mass. It is clear from Eq.(2.1) that the energy loss does not depend on the mass M of the 
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incident particle. It is only a function of its velocity and charge. Since the logarithmic 
term varies only slightly with v, the energy loss is proportional to z /^v- and Z/A to an 
approximation at low velocities (v«c) . 
Nuclear emulsion is a versatile detector for detecting charged particles. It 
produces visible tracks along the trajectories of charged particles. Nuclear emulsion 
being light as compared to other detectors has served very well the need of cosmic-ray 
experiments. After the development, if the nuclear emulsion is kept under specified 
condition, the photographed events can be preserved for many years. 
In this chapter, details about the stack used, method of scanning, methods of 
angular measurements and charge determination, etc., are presented. 
2.2 Details of stack 
A stack of BRj emulsion of dimensions 16.9 % 9.6 x 0.06 cni% with printed grid, 
exposed to 4.5 A GeV/c silicon beam at Dubna Synchrophasotron, Russia has been used in 
the present study. The plates were mounted on glass after development. The primary 
tracks are almost flat. Hence most of the projectiles could travel the full length of the 
stack pro\ ided, of course, they do not cause an interaction. 
2.3 Scanning 
When projectiles pass through an emulsion stack, they interact with the nuclei of 
emulsion and a number of charged and neutral particles are produced; all the produced 
particles have a common vertex. When an interaction is viewed under high magnification 
of a microscope it looks like a 'star'. The process of searching for the stars with the help 
of a microscope is called scanning. Two modes of scanning, area scanning and line 
scanning, are employed depending upon the nature of the problem. 
Line scanning was performed to collect the interactions in the present study. For 
this purpose, plates were scanned using a Nikon microscope vsdth 40 X objectives and 
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10 X eye-pieces. The primary tracks were picked up at a distance of 3 mm from the 
entrance edge of the stack and were followed fastly in the forward direction and slowly in 
the backward direction. All the tracks were also followed backward in order to ensure 
that they did not come from other interactions. All such tracks were followed until they 
interacted or left the pellicle. 
2.4 Scanning efficiency 
In order to estimate scanning efficiency, normally two observers scan a certain 
area of the emulsion stack independently. For example, if two observers scan a particular 
sample containing N number of true events and N, be the number of events observed by 
the first observer and N^ be the number of events observed by the second observer and N,, 
be the common number of events observed by both the observers and E, and E, be the 
efficiencies of the first and the second observers respectively, then 
N,= E, N ( l - E , ) (2.2) 
N, = E^N(1-E,) (2.3) 
(2.4) 
(2.5) 
and 
and N|j= 
, we get 
E.= 
E: = 
N = 
N E . E , 
^n 
N,:+N, 
N,: 
N,,+ N, 
(N„ + N,)(N,, + N,) 
N,: 
(2.6) 
(2.7) 
In the present study scanning was performed by two independent observers to in-
crease the scanning efficiency; efficiency was observed to be = 98%. 
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2.5 Classification of tracks 
In nucleus-nucleus collisions, in addition to shower, grey and black tracks, we have 
another type of tracks due to projectile fragments, which are coUimated within a narrow 
cone around the projectiles. In the following section, the criteria adopted for classifying 
different types of tracks produced by secondary particles are described. 
a) Shower tracks: Secondary tracks having ionization less than 1.4 times the minimum 
ionization, i.e., g < 1.4 g,, where g, represents the plateau ionization of a singly charged 
particle, are classified as shower tracks. The number of shower tracks produced in an 
interaction is denoted by N j shower tracks are mostly produced by relativistic pions. 
b) Grey tracks: Tracks having ionization in the interval 1.4g, ^ g ^ lOg^ are termed as 
grey tracks. Grey tracks are mainly due to protons, deuterons, tritons and some slow 
mesons. The number of grey tracks in an interaction is represented by N^. 
c) Black tracks: Secondary tracks having ionization greater than 10 times the minimum 
ionization, i.e., g >10g,, are taken as black tracks. Black tracks are due to slow particles 
and evaporated fragments. The number of black tracks produced in an event is denoted 
byN,. 
Conventionally, grey and black tracks jointly are referred to as heavy tracks and 
their number is denoted by N^ (= N + Nj^ ). It may be noted that grey and black tracks 
having dip angles 6^  < 30°, are considered in the present investigation. To account for the 
loss of grey and black tracks having dip angles 9^  > 30°, a geometrical weight factor, K, 
defined below was assigned to each grey and black track having 6^  < 3 0°. 
K= "^ (2.8) 
arcSm(Sm30*/Snie) 
Evidently K equals unity for die space angles lying in the interval 150°< 0 <30°. 
d) Projectile fragments: In a peripheral collision only a part of the projectile nucleus is 
directly involved in the collision. The projectile nucleus, therefore, breaks up into singly 
and multiply charged fragments; the multiply charged fragments can easily be separated 
from the target fragments as they are collimated in a narrow cone in the forward direction 
and their velocities are approximately equal to the velocity of the projectile nuclei. It 
may be mentioned that it is very difficult to individually identify the tracks due to projec-
tile fragments with Z=l amongst the shower tracks. Their number is, therefore, estimated 
only statistically. The method of estimating the nvmiber of fragments having charges 
Z=l and Z > 2 is discussed below: 
(i) Singly charged (Z=1) fragments: It is really very difficult to identify singly charged 
projectile fragments. For this purpose, a statistical method based on a comparison of the 
angular distributions of shower particles produced in nucleus-nucleus and proton-nucleus 
collisions at the same beam momentimi per nucleon is employed. It is observed that the 
angular distribution of the singly charged projectile fragments in the laboratory frame 
may be expressed [2] as: 
g ^ e « A^ I '^cose exp 1-A', i (l-cos^e)/2a^] (2.9) 
where Aj, is the mass number of the fragment and P^ is the incident momentum per nucleon. 
It is worthmentioning that Eq'. (2.9) represents a transverse momentum distribution of 
the type: 2 
do "1 r " I T 
- d ^ = - ^ e x p [ - ^ ] (2.10) 
where P^ ^ and CT denote respectively the transverse momentum and the standard de\ lation. 
It has been observed [3] that the angular distribution of the relativistic particles produced 
in proton-nucleus interactions at small emission angle 6 may be represented by: 
dn/d cos 6 = constant (2.11) 
An attempt is made to fit the angular distribution of shower particles produced in 
silicon-nucleus collisions at 4.5 A GeV/c to the sum of the values calculated by using 
Eqs. (2.9) and (2.11). This distribution is exhibited in Fig. 2.1. This procedure allows us 
to determine the angle 0^ which is used for separating shower particles of the 
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Fig.2.1 Angular distribution of relativistic charged 
particles in silicon-nucleus collisions; solid curve 
represents the fit to the data obtained by adding 
Eqs.(2.9) and (2.11). 
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fragmentalion type (9 < 9^ ) and the shower particles produced in relatively more violent 
processes (9 > 9„). The value of 9j, is so chosen that the number of fragments with 9 > 9^ , 
is equal to the number of produced shower particles in the region 9 < 9 .^ The use of the 
angle 9^  seems to be quite reasonable for estimating the average multiplicity of the singly 
charged fragments and shower particles. 
(ii) Doubly charged (Z=2) projectile fragments: Doubly charged fragments of the pro-
jectile are the ones with ionization g » 4gp, without undergoing any change in ionization 
along a length of at least 2 cm from the interaction vertex and having an angle of emission 
9<5°. 
(iii) Multiply Charged (Z > 3) fragments: Fragments having ionization g > 6gg and 
without undergoing any change in ionization over a distance of = 1cm from the interaction 
point and having emission angle 9 < 5° are referred to as multiply charged fragments. 
Charges of the fragments of the incident nuclei are determined in each case by the 
methods of 6-ray density and blob and gap counting. 
2.6 Charge determination 
Charge of a fragment may be determined by measuring the following track 
parameters: S-ray density or/and ionization measurement by the blob and gap method. 
2.6.1 6-ray counting: 
Most of the electrons which are ejected from the atoms by charged particles are 
generally of very low energy but sometimes occasional collisions lead to the ejection of 
electrons having a few KeV or more energies. Tracks of such electrons are known as 
5-rays. 
The differential cross-section for the transfer of energy in the interval E and 
E + dE to a stationary unbound electron by the electric field of a point charge Ze is given 
by [1] : 
P mil 
where r^  = e-Zm^c-, m^ is the electron rest mass, E is the energy of a knock-on electron and 
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E^ ^^  is the maximum possible energy that may be transferred by a particle of relative 
velocity p. 
Several workers (3,4] have adopted different conventions for counting the number 
of delta-rays associated with the tracks of charged particles. It may be mentioned that 
Dainton et al [4] define a track to be a 5-ray which contains at least four grains, while 
Tidman et al [5J have taken a grain configuration to be a 8-ray which has a projected range 
of at least 1.58 i^m on the plane of the emission from the axis of the track. 
If V represents the 6-ray density for a singly charged particle having high velocity, 
then for other particles travelling with the same velocity, the density of the 6-rays, n ,^ is 
given by 
n5 = Z*'v (2.13) 
where Z* is the mean effective charge for the production of 5-rays. 
If Z| and Z, be the charges of two fragments having velocities of the same order of 
magnitude and n, and n, be the numbers of 8-rays produced by them respectively, then 
If the charge of one of the two particles is known, then the charge of the other can 
be determined using the above relation and by counting the number of 5-rays on the two 
tracks. Error in the charge determination is +e, where e is the magnitude of electronic 
charge. This method is applicable only for tracks having ranges greater than or equal to 
1 mm. 
2.6.2 Blob and gap method 
When the velocity of a charged particle is low, the grains are frequently formed 
close together and their true number becomes uncertain. In such cases, the blob and gap 
method is used for estimating ionization. 
The density, H, of the gaps of gap lengths exceeding 1 is given by 
H(l) = B exp (-gl) (2.15) 
where B is the blob density and g is a measure of ionization. 
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Further, if H, and H, are the numbers of gaps of lengths exceeding 1, and 1, per unit 
length of the track, then ionization g can be determined using the following relation: 
S ^ T T T ' ^ ' S . ^ (2.16) 
Fowler and Perkins (6] have also given a relation connecting the blob density B and g in 
the following form: 
B = g e x p ( - a g ) (2.17) 
where a is a parameter which depends largely on the average grain size, optical resolution 
of the microscope and the convention adopted by an observer. For obtaining the value of 
specific ionization, g* = g/g^, where g^ is the grain density of a singly relativistic charged 
particle, ionization g is determined using Eq.(2.17). 
2.7 Angular measurements 
In the present study, measurements have been carried out for determining those 
track parameters which are of our interest and have direct relevance to the problem. 
Measurements have been performed using M4000 series Cooke's microscope with 95X 
oil immersion objectives and lOX eye-pieces. Events satisfying the followmg criteria 
were selected for carrying out various measurements: 
(i) beam tracks having projected angles >3° with respect to the mean primar> direction 
were rejected and 
(ii) events produced within 30 ^im from the top and the bottom of the emulsion pellicles 
were not included for analysing the data. 
Secondary charged particles lying in a narrow cone in the forward direction are not 
well separated. Therefore, angular measurements on the tracks of secondary particles 
having projected angles < 7° in a narrow cone in the forward direction were performed by 
the co-ordinate method >^iiich is regarded to be rather a more reliable method in that 
angular region. Tracks having projected angles >T were measured directly by the 
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goniometer method. The details of the methods used for carrying out various measure-
ments are described below. 
2.7.1 Shrinkage factor 
It is found that while the unmounted stacks may suffer both lateral and vertical 
shrinkages, the mounted stacks commonly undergo vertical shrinkage only. Therefore, in 
the present experiment, the vertical shrinkage factor was determined before starting mea-
surements. It may be of interest to note that frequent determination of shrinkage factor 
was found necessary because stack volume changes considerably with humidity, tem-
perature, etc. The thickness of the emulsion at the time of exposure divided by its thick-
ness at the time of measurement is called the shrinkage factor. 
Shrinkage factor = z/Z (2.18) 
where z is the thickness of the emulsion before exposure which is given in the literature 
of the stack and Z is the thickness of the emulsion after exposure which is determined 
during the measurement. 
It is important to know the original thickness of the emulsion for any quantitative 
measurement of the track parameters. 
2.7.2 Co-ordinate method 
In order to measure angle of a secondary charged particle in the forward cone 
having projected angle < 7°, the parallel beam tracks of the interactions are aligned along 
the X- motion of the microscope with the help of a graticule. The vertex of the s^ ar is 
then focussed and the readings of the X-, Y- and Z- motions are taken. Now, the stage is 
moved forward to at least ten fields of view very carefully. Again the track is focussed 
and the readings of X- and Z- motions are noted down. The reading of Y is recorded 
from the eye-piece graticule scale corresponding to the X- reading. The difference of the 
X,Y and Z readings give the values of AX, AY and AZ. The projected and dip angles, 6 and 
6j, respectively were calculated using the following relations: 
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» p = " " ' ( X X ) •'•"> 
and 
S.F.XAZ 
e,= tai i ' ( -—z: ) (2.20) 
V (Ax)»+(Ay)' 
where S.F. denotes the shrinkage factor. Using the values of 0 and 9 ,^ the space angles 
were calculated from: 
e, = cos* (cos Bp X cos e^) (2.21) 
The space angles were determined by this method only for those tracks which have 
projected angles < T. 
2.7.3 Goniometer method 
In this case, the primary track of an interaction is aligned parallel to the reference 
line of the goniometer. The reference line is set parallel to the X-motion of the micro-
scope. Secondary tracks were aligned one by one by rotating the goniometer in a single 
set direction. The goniometer scale reading gives the projected angle. For each track, 
the dip is measured by moving the Z-motion of the microscope with respect to the dip of 
the vertex. Then, the dip angle, 0 ,^ is calculated using the relation: 
e, = tan ' ( ^-^-^^'P ) (2.22) 
where S.F. is the shrinkage factor and A L is the distance from the vertex to the point at 
which the dip was measured. The values of the space angles were calculated using 
Eq.(2.21). 
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Characteristics of relativistic particles produced 
in 4.5 A GeV/c silicon-nucleus interactions 
38 
3.1 Introduction 
During the recent past, studies involving collisions of relativistic nuclei has 
attracted a lot of attention of theorists and experimentalists actively engaged in research 
in both nuclear and high energy physics. It is due to the realization[l-3] that a thorough 
and systematic investigation of these interactions might provide quite significant and 
valuable information regarding the formation of nuclear matter under extreme condi-
tions of high temperatures and densities. It is worthmentioning that nuclear matter at 
very high densities and temperatures is envisaged to undergo a phase transition leading 
to occurrence(2,4] of a number of exotic phenomena, like density isomers, shock waves 
and quark gluon plasma. 
Formation of quark gluon plasma in very high energy collisions of heavy nuclei 
has been predicted in various theoretical approaches. In the collision process energy and 
baryon density increase and are expected to reach a critical value where the quark 
constituents of the incident nucleon bound in nuclei form an extended volume of freely 
interacting quarks, antiquarks and gluons. These high baryon and energy densities neces-
sary for the formation of the quark gluon plasma may be reached in collisions of heav} 
nuclei at very high energies. 
The mechanism of multiparticle production of secondary particles in relativistic 
nucleus-nucleus collisions is believed to be similar to that of hadron-hadron and hadron 
nucleus collisions at high energies. By investigating nucleus-nucleus collisions, one 
may also be able to obtain interesting information regarding the behaviour of nucleons 
interacting collectively at relativistic energies. 
The present chapter deals with the results on the general features of the colli-
sions initiated by silicon nuclei of primary momentum 4.5 A GeV/c with emulsion nuclei. 
Results obtained in the present study are compared with the corresponding results 
reported by Tauseef et al [5] at the same beam momentum. For this purpose, a random 
sample involving 1524 events with N^>0 produced in silicon-nucleus collisions is used to 
investigate the multiplicity distributions, angular distributions of secondary tracks. 
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compound multiplicity, KNO scaling and correlations among various multiplicity param-
eters; moments of relativistic charged particle multiplicity distributions have also been 
determined. 
3.2 Multiplicity distribution of secondary particles 
Multiplicity of secondary particles produced in nucleus-nucleus collisions is 
considered to be a very useful parameter for obtaining some useful information regarding 
multiparticle production processes, and serves as one of the most sensitive tools for 
testing the predictions of various phenomenological and theoretical models. However, 
most of the detecting devices record only the charged particles that are produced. 
As already mentioned in Chapter II, shower tracks are mostly due to pions, created 
as relativistic charged particles. Grey tracks are produced by relatively slower particles 
consisting of protons, deuterons, tritons, alpha-particles and some slow mesons. Black 
tracks are due to slow particles and evaporated fragments. Grey and black tracks taken 
together are referred to as the heavy tracks. 
Multiplicity distributions of black, grey, shower and heavy tracks produced in 
4.5 A GeV/c silicon-nucleus collisions are compared with the corresponding distribu-
tions obtained for proton-nucleus [6] and carbon-nucleus interactions [ 5 ) at the same 
beam momentum per nucleon; these distributions are shown in Figs.3.1-3.4. From 
Fig.3.1, it is observed that the multiplicity distribution of black tracks in nucleus-
nucleus collisions remains essentially unchanged with increasing projectile mass. It 
may be seen in Fig. 3.2 that grey track distribution in nucleus-nucleus interactions is 
appreciably enriched by the events of higher multiplicity of N as compared to the 
N -distributions for proton- and carbon-nucleus collisions. This trend can be explained in 
terms of the predictions of the fire-ball model [4]. According to this model, the number 
of participant nucleons should increase due to the increasing volume of the cylinder cut 
in the target by the projectile. This volume tends to increase with increasing projectile 
mass and consequently the average number of grey particles should increase. It is clearly 
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seen in Fig.3.3 that the shapes of the distributions of relativistic charged particles 
produced in nucleus-nucleus collisions change appreciably with increases projectile 
mass; with increasing projectile mass, the number of events having lower values of N^  
decreases and the distribution tends to become broader. This behaviour can be explained 
in terms of the predictions of the superposition model [7-9]. 
Figure 3.4 shows the multiplicity distributions of heavily ionizing particles emitted 
in proton-, carbon- and silicon-nucleus collisions at 4.5 A GeV/c. From Fig. 3.4, it is 
seen that small dips in N^-distributions occur around N^= 2-3 in both carbon- and 
silicon-nucleus interactions. Similar results have been reported by other workers[5,10] 
also . 
Compound multiplicity defined as the sum of the number of grey and shower 
particles per event N (= N +N), distribution is plotted in Fig.3.5. It is seen that the 
c g s 
compound multiplicity distribution rapidly tends to become broader with increasing 
projectile mass. 
3.3 Method of target identification 
Various methods have been tried by several workers [11-14] to identify the target 
in emulsion on the basis of the distributions of heavily ionizing particles. Usually, events 
with N|^ =0,1 are taken to be due to H-target; collisions characterized by 2<N^<8 may be 
due to CNO- and AgBr-targets and the events with N^>8 are exclusively due to AgBr 
targets. This method of separating targets is comparatively more accurate in the case of 
hadron-nucleus collisions because in that case the interactions are induced by relativistic 
particles. However, in the case of nucleus-nucleus collisions, this method becomes quite 
crude and cumbersome. Events having N^>8 satisfy the condition for the interactions due 
to AgBr but the events having N^<8 are an admixture of interactions due to CNO and 
peripheral collisions with AgBr targets. However, a method has been adopted by Jakobsson 
and Kullberg[131 for separating AgBr events from the interactions having N^<8 by plot-
ting multiplicity distributions of short range tracks. These distributions reveal[13] that 
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there are practically no tracks in the collisions with AgBr target in the emulsion having 
ranges between (10-50))im in the interval Nj^ =2-8. The events due to AgBr nuclei with 
N^<8 and having at least one short track of 10|am are due to recoil nuclei. In the present 
study, an attempt is made to separate the targets using the following criteria for the case 
of nucleus-nucleus collisions: 
CNO events: 2<N^<8 and no track with range <10 ^m 
AgBr events: (i) N^>8 
(ii) N^<8 and at least one track with range <10 ^m and no track with 
10<R<50 ^m 
H events: N^= 0,1 but do not fall in the above categories 
Results presented in Table 3.1 are based on the above criteria for various projec-
tiles having different beam momenta. It is observed from the table that the probability of 
events due to AgBr nuclei increases with increasing projectile mass. 
3.4 Multiplicity distributions for various groups of interactions 
Multiplicity distributions of black, grey and shower tracks and compound 
multiplicity in different N^-intervals, namely: (i) N^=0,1 (ii) 2<N^<8 and (iii) N^>8 for 
4.5 A GeV/c silicon-nucleus collisions are exhibited in Figs. 3.6-3.9. It is observed that 
the shape of the distribution changes appreciably with increasing target mass; with 
increasing target mass, the numbers of events having higher values of N^ ,^ N^, N^  and N^  
increase and the distributions in all these cases tend to become comparatively broader. 
3.5 Angular distributions of secondary tracks 
Angular distributions of black, grey and shower tracks emitted in 4.5 A GeV/c 
silicon-nucleus collisions are shown in Figs. 3.10-3.12. These distributions are com-
pared with the corresponding distributions for carbon-nucleus collisions at the same beam 
momentum per nucleon. From these figures the following important conclusions may be 
drawn: (i) the angular distributions of target fragments, grey and black tracks in silicon-
nucleus collisions, do not show any peculiarity which can through light on the occurrence 
of shock wave phenomenon, (ii) the angular distribution of relativistic charged particles 
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emitted in silicon-nucleus collisions compares fairly well with the corresponding distri-
bution for carbon-nucleus interactions at the same beam momentum per nucleon, except 
in small angular interval around the forward direction of the projectile. This in turn 
would suggest that the singly charged particles are copiously produced in the case of 
heavier projectiles. A comparison of angular distributions of black, grey and shower 
tracks produced in silicon-nucleus interactions and the distributions obtained for 
carbon-nucleus collisions at the same beam momentum per nucleon suggests that these 
distributions are essentially independent of the projectile mass. 
3.6 Mean multiplicities 
The mean multiplicities of black, grey, shower and heavy tracks and compound 
multiplicity are listed in Table 3.2 alongwith the results reported by other workers 
[5-6,10,16,18,21-22] for different projectiles at various incident energies. It is clearly 
seen from the table that the average multiplicity of black tracks within the statistical error 
limit is observed to be essentially independent of the mass and momentum of the 
projectile. However, the mean numbers of grey, shower and heavy tracks and compound 
multiplicity are found to grow rapidly with increasing projectile mass. 
Values of the mean multiplicities and dispersion of the distribution of relativistic 
charged particles produced in the collisions of silicon nuclei with emulsion nuclei for 
the groups of events characterized by: (i) N^=0,1, (ii) 2<Nj^ <8 and (iii) N^>8 are pre-
sented in Table 3.3. These results are compared with the results reported by Tauseef et 
al (3). It is interesting to note that the mean multiplicity of relativistic charged particles 
grows rapidly with increasing sizes of the projectile and target nuclei. The multiplicity 
distributions of relativistic charged particles obtained for silicon- and carbon-nucleus 
collisions for the three different group of targets are shown in Fig. 3.13. In Fig. 3.14, the 
multiplicity distributions of shower tracks produced in silicon-nucleus collisions for 
different targets are displayed and these distributions are compared with the correspond-
ing distributions obtained for carbon-nucleus collisions. It may be seen that the distribu-
tions tend to change most rapidly with increasing projectile and target masses. 
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Mean multiplicities of relativistic charged particles, dispersion and <N >/D(N ) 
for different projectiles at 4.5 A GeV/c are presented in Table 3.4. It may be noted from 
this table that the mean values of the multiplicity of relativistic charged particles and 
dispersion increase with increasing projectile mass and the ratio of <N^>/D(N )^ remains 
practically the same in all the cases considered in the present study. 
Mean values of compound multiplicity, dispersion and <N^>/D(N^) for 
silicon-nucleus collisions at 4.5 A GeV/c with other reported [5,18] values are listed in 
Table 3.5. It is observed that the average value of the compound multiplicity as well as 
dispersion increases with increasing projectile mass and the value of the ratio 
<N^>/D(N^) remains essentially unchanged. 
3.7 KNO Scaling in nucleus-nucleus collisions 
Several attempts[24-29] have been made to test the validity of KNO scaling [30] 
since its introduction in 1972. The multiplicity distributions of relativistic charged 
particles produced in inelastic proton-proton, proton-nucleus[27,31-33] and nucleus-
nucleus[l,5,I8] collisions are reported to obey an approximate KNO scaling. It has been 
observed by Breakstone et al [29] that the multiplicity data involving the non-single 
diffractive events at ISR energies obey the KNO scaling function expressed in terms of 
the Slattery parametrization [24]. Attempts have also been made to examine the validity 
of the KNO scaling in nucleus-nucleus collisions. It may be of interest to mention 
that the probability distribution for the production of 'n' relativistic charged particles 
exhibits a universal behaviour in the case of proton-proton, proton-nucleus and nucleus-
nucleus collisions. One may write 
< n > P „ = ' i ' ( n / < n > ) (3.1) 
where P^ is the probability of production of n charged particles, < n > denotes the mean 
number of charged particles and T is some function of the variable Z(= n/< n >). This 
universal behaviour of the multiplicity distribution in the plot of \|/ (Z) versus Z is 
referred to as the KNO scaling after Koba-Nielsen-Olesen[30]. It may be noted that the 
probability of observing n charged particles in proton-proton collisions is related to the 
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scaling function |30| as: 
P^ = o^ la^ = | l /< n >1 vj/ ( ii/< n >) (3.2) 
P_ = (l/< n >) M/ (Z) (3.3) 
where a^ is defined as the partial cross-section for producing n charged particles at a 
given centre of mass energy Vs~ and a^^ is the total inelastic cross-section. A KNO 
scaling function of the type proposed by Slattery[24] has been tried for silicon-nucleus 
collision data for relativistic charged particles as well as compound multiplicity at 4.5 A 
GeV/c. Following parametrizations are observed to give the minimum x^/dof equal to 
0.043 and 0.039 respectively for the relativistic charged particles and the compound 
multiplicity. 
\\i i=NJ<fi>) =I7.869Z+0.262Z^+0.033Z*+0.050Z'lexp(-2.324Z) (3.4) 
v|/ (=Ny<N^>) =I9.875Z+1.002ZH0.052Z*+0.106Z^|exp(-2.62Z) (3.5) 
The values of the parameters appearing in Eqs. (3.4-3.5) have been calculated with the 
help of the CERN standard program MINUIT. Figures 3.15-3.16 are the plots of \|/( Z ) 
versus Z for relativistic charged particles and compound multiplicity at 4.5 A GeV/c 
respectively. It may be concluded that the relativistic charged particles and compound 
multiplicity exhibit KNO scaling behavioiu- in the case of silicon-nucleus collisions. 
For obtaining more information on the emission characteristics of relativistic 
charged, heavily ionizing particles and compound multiplicity, integral probability 
distributions, lj^(N>N.), where Nj= N^, N^ and N^, have been plotted as a function of 
N. respectively in Figs. 3.17-3.19 for silicon-nucleus collisions. Based on the trend of 
variations in these figures, it may be stated that the integral probability distributions m 
the three cases exhibit KNO type of scaling behaviour. The distributions in the three 
cases are fitted nicely by the curves using the following relations for shower tracks, hea\y' 
tracks and compound multiplicity respectively: 
I^(N>NJ = [-0.286±0.007]lnN, + [1.06±0.02] (3.6) 
I^(N>NJ = [-0.273±0.005]lnN^ + (1.03±0.01] (3.7) 
I^(N>N^) = [-0.274±0.006]lnN, + I1.12±0.02] (3.8) 
the values of x'Idof are 0.007, 0.073 and 0.009 respectively for the cases of shower. 
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Ns 
Fig.3.17 Integral Ng -distribution in 4.5 A GeV/c 
silicon-nucleus collisions. 
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Fig.3.18 Integral Nj^-distribution for silicon-nucleus 
collisions at 4.5 A GeV/c. 
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Fig.3.19 Integral N -distribution for silicon-nucleus 
collisions at 4.5 A GeV/c. 
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and heavy tracks and compound multiplicit). 
3.8 Multiplicity correlations 
Several workers|6,18,21,34] have attempted to investigate the muhiplicity cor-
relations of the type <Nj(N )>, where N.,N =Nj^ ,N ,N ,^N^ and N ,^ and i^ tj These types of 
correlations have been studied for silicon-nucleus collisions in the present work also 
and the data are found to be fitted satisfactorily by linear functions of the type: 
<N (N )> = a N + b. (3.9) 
1^ i' ij J ij ^ ' 
with positive slopes. The values of the constants 'a..' and 'b..', obtained by the least squares 
fit, are tabulated in Table 3.6. Variations of <N >, <N >, <N > and <N > with <N > are 
' g ' s ' n c b 
displayed in Figs. 3.20-3.21. It is seen that <N^>, <N^> and <H> vary linearly with 
<N >. The variation of <N > with <N > is linear one up to <N >=23 and thereafter the 
b B b » b 
variation becomes quite random. This may be due to the so-called saturation effect at 
<Nj^>=23. Therefore, for establishing the dependence <N > on <N(,>, the fit has been 
carried out only up to <Nj^ >=23. Similar saturation behaviour has been reported by 
Stenlund and Otterlund [35] also for P- and 7u-nucleus interactions over a wide range of 
incident energies. It has been pointed out by these workers that saturation in these 
correlations should occur for the energy of the struck nucleus becomes so large that 
there is no way to dispose it off except by undergoing total destruction. 
Variations of <N^>,<N^> and <N^> with <N > are plotted in Figs. 3.22-3.23. It is 
clearly seen from the figures that <N^>, <N^> and <N > vary linearly with <N >. 
Variations of <N > and <N > with <N > and <N > with <N > are exhibited in 
h e s c h 
Figs. 3.24-3.25. It may be observed in these figures that linear relationships exist be-
tween the parameters mentioned. 
Values of dispersion D(N^)=[<N^^>-<N^>^]"^ which is of much physical signifi-
cance, are determined for silicon-nucleus interactions. Variations of D(N,) with <N >, 
where N. = N(,, N ,^ N ,^ N^ and N ,^ are displayed in Figs. 3.26-3.30. It ma> be concluded 
that dispersion grows linearly with <N.>. This observation incidentally, is in fine agree-
ment with the predictions of the KNO type scaling. The data are reproduced reasonably 
well by a linear relation of the type : 
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D(N,) = a<N> + b (3.10) 
the values of the constants are listed in Table 3.6. Variations of <N >^ with projectile and 
target masses are shown in Fig. 3.31. It is noticed that <N^> varies almost linearly with 
both projectile and target masses; the data are fitted very well by linear relations of the 
type: 
<N> = c A ' ' (3.11) 
<N^> = p A / (3.12) 
values of the parameters 'c ' and 'd'are found to be (1.69±0.11) and (0.60±0.05) respec-
tively, while the values of P and a are estimated to be (3.07±0.16) and (0.33±0.05) 
respectively. 
3.9 Moments of multiplicity distributions 
Central moments of multiplicity distributions are defined as: 
>/ir^  = I<N,''>-<N^>'']"^ (3.13) 
where k = 2,3^4, etc. The values of the central moments of the relativistic charged 
particles for silicon-nucleus interactions are presented in Table 3.7. These values are 
compared with other reported values for proton-, carbon- and silicon-nucleus collisions 
at the same beam momentum per nucleon. It is observed that V^jxJ ,^^^ and '^y\i^ depend 
strongly on the projectile mass. 
The normalized moments of the relativistic charged particles defined as: 
C^ = <N,''>/<N,>'' (3.14) 
where <N5> = N^ ^ J^,„e, is the kth moment of the relativistic charged particle multiplic-
ity distribution, a^ represents the partial cross-section for producing n charged 
particles and G.^^^ is the total inelastic cross-section; the values of C ,^ C, and C_, for the 
three types of collisions are listed in Table 3.7. It is seen that the values of these mo-
ments remain practically constant within their statistical error limits. 
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4.1 Introduction 
Study of the phenomenon of complete destruction of heavy target nuclei is consid-
ered to be of great interest. This interest stems from the fact that majority of these are 
central collisions and there is a possibility of investigating the effects of multi-
nucleon collisions, collective properties of nuclear matter and the phase transition to the 
quark gluon plasma. 
In the central collisions of nuclei with energy close to 4 GeV/nucleon, an increase 
in the density of the nuclear matter close to more than twice the equilibrium density of 
nucleons ( p = 0.16 fin') may occur and this effect is envisaged to be accompanied by an 
appreciable excitation of nuclear matter[l]. In such collisions, collective processes of 
statistical nature are likely to occur; these processes lead to thermodynamic equilibrium 
of nucleons. A study of the properties of nuclear matter under such extreme conditions 
is possible on the basis of investigation of the characteristics of particle spectra and of 
particle yields in the complete disintegration of Ag and Br nuclei and inclusive collisions 
characterized by Nj^<27. 
Investigation concerning complete disintegration of heavy target nuclei began in 
1958 at the laboratory of high energies at JINR, Dubna[2]. A detailed and systematic 
study of this phenomenon was carried out by Ameeva et al [3]. Differences in the mecha-
nism of multiparticle production in complete disintegration of Ag and Br nuclei and 
inclusive collisions caused by sihcon nuclei with beam momentimi of 4.5 A GeV/c are 
investigated. 
Several workers[3-9] have suggested that events with at least 28 heavily ionizing 
particles, i.e., N^ > 28, corresponding to a total charge close to the average charge of Ag 
and Br nuclei (Z = 41 ), may be classified as the events due to the total disintegration of 
Ag and Br nuclei. In order to address this problem adequately, probability of total disinte-
gration as a function of projectile mass, multiplicity distributions of black, grey, shower 
tracks and compound multiplicity, pseudorapidity distributions, dispersion and shower 
width distributions are investigated. 
86 
4.2 Probabilit> of total disintegration of heavy target nuclei 
It may be mentioned that one of the most important parameters describing the 
complete destruction of Ag and Br nuclei is the probability, W, defined as the ratio of the 
nimiber of interactions characterized by N^ >28 and the total mmiber of events corre-
sponding to Ag and Br nuclei. 
Probability of complete disintegration of Ag and Br nuclei initiated by 
4.5 A GeV/c silicon nuclei is displayed in Fig.4.1 as a function of projectile mass (A^). 
These results are compared with the total disintegration events produced by other lighter 
projectiles at the same beam momentimi per nucleon. It is seen that the probability of the 
total disintegration of Ag and Br nuclei grows with increasing projectile mass. It may be 
of interest to mention that the data are fitted quite well by the equation of the type: 
W = P ( A ^ r (4.1) 
values of constants ' a ' and 'P'are foimd to be (0.80±0.09) and (1.77±0.24) respectively. 
Incidentally, these values are in excellent agreement with those reported by Tauseef et al 
(10). 
4.3 Multiplicity distributions in total disintegrated events 
Multiplicity distributions of black, grey and shower tracks and compound 
multiplicity for the case of total disintegration of Ag and Br nuclei caused by 4.5 A 
GeV/c silicon nuclei are exhibited in Figs.4.2-4.5. These distributions are compared 
with the corresponding distributions for the inclusive events produced by the same 
projectile. It is observed that these distributions tend to become relatively broader due to 
catastrophic destruction of heavy nuclei. It may be noted that a comparatively higher 
values of N ,N^andN^ might arise as a consequence of the low value of the impact param-
eter. 
Variation of the mean multiplicity of relativistic charged particles for the totally 
disintegrated events with the average number of intranuclear collisions, < v >, and 
mass of the incident nucleus, A ,^ are displayed in Fig.4.6. Values of the mean number of 
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Fig.4.1 Probability distribution for totally 
disintegrated events as a function of projectile mass. 
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Fig.4.2 Multiplicity distributions of black tracks 
emitted in 4.5 A GeV/c silicon-nucleus collisions for 
totally disintegrated and inclusive events. 
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intranuclear collisions are computed using the following relation |11): 
< V > = 0.73 A *•'' (4.2) 
p 
where A is the mass of the projectile. Variation of <N^> with < v > for inelastic colli-
sions is also plotted in Fig.4.6. From Fig.4.6, it is noticed that the totally disintegrated 
events are characterized by a rapid growth of <N^> as compared to the corresponding 
behaviour for the total ensemble of inelastic collisions. Incidentally, this behaviour may 
be explained in terms of the predictions of the superposition model[12]. The growth of 
< N^ > with the mass of the incident nuclei is displayed in Fig.4.7; the data are repro-
duced very well by the relation of the type: 
< N, > = P(A^)- (4.3) 
where the values of constants ' a ' and 'P'are found to be (0.62±0.03) and (4.04±0.10) 
respectively. 
Mean multiplicities of the secondary particles observed for the totally disinte-
grated events, inclusive collisions and collisions characterized by N^ > 0 are 
tabulated in Table 4.1. It may be noticed from the table that the value of the mean multi-
plicities in the case of totally disintegrated events increases in comparison to the values 
observed for the inclusive collisions. The mean numbers of relativistic charged 
particles for various projectiles are given in Table 4.2. It is noticed that <N > grows 
rapidly with increasing mass of the incident nuclei. 
4.4 Pseudorapidity distribution of relativistic charged particles 
The angular distributions of relativistic charged particles have been analyzed in 
terms of the pseudorapidity variable, r | , which is defined as T| = - In tan6/2, where 9 is the 
emission angle of a relativistic charged particle in the laboratory frame. Pseudorapidity 
density distributions of relativistic charged particles produced in the totally disinte-
grated nuclei for different projectiles at 4.5 A GeV/c are plotted in Fig.4.8. With 
increasing projectile mass, the distribution is observed to become relatively broader. 
Furthermore, the peaks of the T]-distributions tend to shift towards higher values of 
T| with increasing projectile mass. 
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Table 4.1: Average multiplicities of various secondary particles produced in 
4.5 A GeV/c silicon-nucleus collisions in different N|^ -interval 
N^ - interval 
N < 2 7 
n 
N >28 
n 
N >0 
n 
<N> 
D 
3.28±0.17 
13.90±0.50 
4.30±0.16 
<N > 
g 
7.50±0.19 
13.70±0.51 
8.09±0.18 
<N> 
s 
8.66±0.26 
30.94±0.65 
10.80±0.25 
<N> 
c 
15.84±0.36 
44.64±0.81 
18.89±0.35 
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Table 4.2: Mean multiplicities of relativistic charged particles as a function of 
projectile mass 
projectile 
a 
C 
0 
Ne 
Mg 
Si 
Si 
< N > 
s 
9.40 ±0.40 
18.80 ± 0.70 
25.10 ± 1.10 
27.70 ± 0.30 
28.80 ± 0.80 
29.20 ± 0.90 
30.94 ± 0.65 
Ref. 
13 
9 
14 
15 
16 
17 
* 
present work 
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Fig.4.8 Pseudorapidity distributions of relativistic 
charged particles produced in the totally disintegrated 
events caused by different projectiles at 4.5 A GeV/c. 
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Figure 4.9 exhibits the pseudorapidity density distribution of shower tracks for 
different N^-intervals, viz, N^>8, N^ < 27 and N^ > 28. It is observed that with increasing 
N^(decreasing values of impact parameter) values the average multiplicity of shower par-
ticles increases in the target ( T)< 1 ) as well as the central (1 < r|< 4 ) fragmentation 
regions, whereas in the projectile (T| > 4) fragmentation region the average multiplicity 
remains essentially constant. 
In order to investigate these features thoroughly, we examine the behaviour of the 
normalized pseudorapidity density, G( i] ), defined as 
P,(T1) 
wiiere p ( "n ) =1/N dN, ldr\ the shower particle density determined for a total of N 
interactions. The term p^ ^ (T|) may denote the pseudorapidity density in either totally 
disintegrated events or inclusive collisions. The normalized pseudorapidity densities are 
exhibited in Fig.4.10 for both totally disintegrated nuclei and inclusive silicon-nucleus 
interactions. From this figure, it is noticed that the normalized pseudorapidity density is 
less than imity in the projectile fragmentation region for both types of collisions. In turn 
this would indicate that the additional particles created in consecutive intranuclear colli-
sions carry away some of the energy of the projectile nucleus thereby reducing its 
momentum as compared to the peripheral collisions. 
The mean normalized pseudorapidity density increases rapidly in the target frag-
mentation region. This behaviour may be explained in terms of the fragmentation zone 
hypothesis, which envisages that some more time is needed for the creation of particles 
in its own rest frame of reference. 
4.5 Dispersion and shower width distributions of T]-spectra 
In order to obtain more information about the totally disintegrated events, disper-
sion of the distribution of TI-spectra for silicon-nucleus collisions at 4.5 A GeV/c in the 
case of complete destruction of nuclei have been studied and this distribution is com-
pared with the corresponding distribution for the inclusive collisions at the same beam 
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Fig.4.9 Pseudorapidity distributions of relativistic 
charged particles produced in 4.5 A GeV/c 
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Fig.4.10 Normalized pseudorapidity density in 4.5 
A GeV/c silicon-nucleus collisions for 
o totally disintegrated events 
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momentum per nucleon in Fig.4.11. It may be observed in the figure that a distinct and 
clear peak occurs in the case of totally disintegrated events and it is seen that the peaks of 
the distributions shift towards lower values of D( r\) with increasing impact parameter in 
the case of inclusive collisions. 
Rapidity width distributions (R = Tly - "n^  )»where -q^  and \ are respectively the 
highest and lowest pseudorapidity values in an interaction are shown in Fig.4.12 for the 
events characterized by (i) N^>28 and (ii) N^<27. It may be noticed from this figure that 
the peaks oftheR-distributions shift towards lower values of R('n) with increasing impact 
parameter. This feature can be explained in terms of the fact that shower particles 
produced with relatively larger angles would tend to appear in the target fragmentation 
region. 
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5.1 Introduction 
Studies of pseudorapidit} spectra of relativistic charged particles produced in 
nucleus-nucleus collisions are expected to yield some useful and interesting information 
on the mechanism of multiparticle production in such collisions. It may be stated that 
angular characteristics of relativistic charged particles produced in high energy 
hadron-hadron and hadron-nucleus collisions have been extensively studied [1-7], and 
comparatively lesser attention has been focussed on studies relating to nucleus-nucleus 
collisions. 
Angular distributions of relativistic charged particles produced in 4.5 A GeV/c 
nucleus-nucleus interactions are analyzed in terms of pseudorapidity variable, r;. It may 
be of interest to mention that at high enough energies, the rapidity, y, defined as: 
Y = T fe "• (5.1) 
2 E-Pj^ 
where E and P^^ are the energy and longitudinal momentum of a relativistic charged par-
ticle respectively, is reduced to pseudorapidity variable T| defined as: 
Tl « Y = - In tan 6/2 (5.2) 
where 0 is the emission angle of a relativistic charged particle with respect to the mean 
direction of the primary in the laboratory frame. 
This chapter includes discussion on the study of the angular characteristics of 
relativistic charged particles produced in 4.5 A GeV/c silicon-nucleus collisions in 
terms of pseudorapidity, T|. The shape of Ti-distribution and its dependence on the mass 
of the target as well as projectile has been investigated. Variations of < T| > with 
<Nj^ >, <N >, <Nj> and <N^> are also studied. Furthermore, the dispersion of tj-distri-
butions and shower width distributions are studied in detail. The dependence of these 
distributions on mass of the projectile and target are also investigated. Finally, variations 
of <D(T|)> and <R(TI)> with <N >^ and <N^> have been looked into. 
Two-and three-particles rapidity gap distributions are investigated in the case of 
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silicon-nucleus collisions ai 4.5 GeV per nucleon incident energ> for examining occur-
rence of clustering amongst the reiativistic particles. 
5.2 Dependence of T)-distribution on projectile mass 
Pseudorapidity distribution for silicon-nucleus collisions at 4.5 A GeV/c is 
plotted in Fig.5.1; this distribution is compared with the corresponding distribution for 
carbon-nucleus collisions at the same beam momentum per nucleon (8). It is observed 
from the figure that the shapes of the T|-distributions are almost similar for both carbon-
and silicon-nucleus interactions. However, excess of the particles arising out due to 
increase in the projectile mass tend to appear only in the central region of the rapidity 
space. It may, therefore, be stated that the pseudorapidity distribution in the target frag-
mentation region is essentially independent of the projectile mass. It may be interesting 
to note that a similar trend has also been observed in the case of hadron-nucleus 
collisions (2,9] at relatively higher energies. 
5.3 Dependence of'p-distribution on target mass 
In order to examine the dependence of T|-distribution on target mass, the whole 
sample of interactions considered in the present study are divided into three different 
target groups of nuclei, namely, (i) N^=0,1, (ii) 2<N^<8 and (iii) N|^ >8. Pseudorapidity 
distributions of reiativistic charged particles produced in silicon-nucleus collisions for 
the three N^^ groups are shown in Fig.5.2. From this figure, it is observed that the 
centroid of the T)-distribution shifts towards a higher value of r] with increasing impact 
parameter. Furthermore, excess of the particles arising out due to decreasing value of 
the impact parameter tend to appear only in the central region of the rapidity space. The 
values of < r| > in different N^-bins are listed in Table 5.1. It may be noticed from the 
table that the value of <'n> decreases with decreasing impact parameter. 
5.4 Variations of < Tl > with <N^>,<N >,<N > and <N > 
' b ' g ' s h 
Dependence of the mean values of pseudorapidity, <TI>, of reiativistic charged 
particles produced in silicon-nucleus collisions at 4.5 A GeV/c on <N^>,<N >,<N^> and 
<N^> are exhibited in Figs.5.3-5.4. It is clearly seen from these figures that 
z 
•D 
^|z 
Fig .5 .1 Pseudorapidity d i s t r i b u t i o n s of r e l a t i v i s t i c 
charged p a r t i c l e s produced in 4.5 A GeV/c s i l i con - and 
carbon-nucleus c o l l i s i o n s . 
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< 1] > decreases nionotonically v\ith increasing <Nj^>,<N^>,<N > and <M,,>; the data in 
all the abo\e cases are reproduced very well by an equation of the tjpe : 
<Ti> = a < N > + b ( 5 . 3 ) 
where i=b, g, s and h tracks. It may be noted that the values of constants ' a ' and 'b 'are 
listed in Table 5.2. 
5.5 D( r\ )-distribution 
In order to examine the salient featxires of relativistic charged particle emission, 
dispersion of pseudorapidity is thoroughly studied. It has been suggested by Berger et al 
[10) that the dispersion of rapidity distribution for an individual collision can be used to 
examine clustering of the produced particles along the longitudinal rapidity axis at higher 
energies. To compute the rapidity dispersion parameter, the following experssion has been 
used: 
p J N, -.1/2 
^^"^^^ L^lS^^^^-^.)"] (5-4) 
» i =1 
where<'n> = ——- ^^ TJ, 
• ^ i =1 
It has also been suggested by Berger et al |10] that a single isotropic cluster would be 
formed in the interactions having D(ri) < 0.9 , where D( r | ) is a measure of clusterization 
amongst the relativistic particles produced in these collisions. Many workers (11-12] 
have used this idea in analyzing the data on high energy proton-nucleon collisions for 
examining the clusterization effect. Distribution of dispersion for silicon-nucleus 
collisions at 4.5 A GeV/c is displayed in Fig.5.5. This distribution is compared with the 
corresponding distribution for carbon-nucleus collisions at the same beam momentimi 
per nucleon. It may be seen from the figure that the peak of D(ri) distribution is practi-
cally independent of projectile mass. 
5.6 D( r\ )-distributions in different N -^ bins 
In the present study, an attempt is made to investigate whether clusterization 
occurs in high energy nucleus-nucleus collisions; dependence of cluster size on the 
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target mass has also been examined. The values of the dispersion of rj-spectra, D(ri), for 
silicon-nucleus collisions are plotted in Fig.5.6 for the three different N^ - bms, 
(i)N^=0,l, (ii) 2<N^<8 and (iii) N^>8. It is worthmentioning that the peaks of the 
D(ri)-distributions for the three different N^-intervals are observed to shift towards higher 
values of D( r] ) with decreasing impact parameter. The values of <D( r] )> for dififerent 
N^-bins are given in Table 5.1. It may be seen from the table that the value of 
<D( r| )> increases with decreasing impact parameter. 
5.7 Dependence of <D( TI )> on <N^ > and <N >^ 
Variations of <D( Ti )> in each collision with <N^> and ^^^> are displayed in 
Fig.5.7. It is interesting to note from the figure that <D( r\ )> decreases with <N^>. The 
experimental data is reproduced very well by an analytical expression of the type: 
<D( Ti )> = P (<N,>)- (5.5) 
the values of constants 'p 'and ' a ' are found to be (1.58±0.28) and (-0.71±0.09) 
respectively. It is also observed that the average value of D( rj ) increases wdth <N^>; the 
experimental data are fitted nicely by the following expression: 
<D( Tl )> = a <\> + h (5.6) 
values of constants 'a'and ' b ' are listed in Table 5.2. 
5.8 R( T| ) -d is t r ibut ion 
In order to glean more information on multiparticle production in nucleus-nucleus 
collisions, the rapidity width distribution of relativistic charged particles produced in 
silicon-nucleus interactions at 4.5 A GeV/c is studied. The rapidity width of an event is 
calculated using the relation: 
R(T1)= Tig- -n^ (5.7) 
where T^ ^^  and T|^  are respectively the maximum and minimum pseudorapidity values in an 
interaction. The rapidity width distribution for siUcon-nucleus interactions is exhibited 
in F^.5 .8 . This distribution is compared with the corresponding distribution for 
carbon-nucleus collisions at the same beam momentum per nucleon. It may be seen from 
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the figure thai the peak of the distribution slightly shifts towards a lower value ol" R( i] ) 
with increasing projectile mass. It is also seen that the space occupied by the relativistic 
charged particles in the case of silicon-nucleus collisions is comparatively larger than 
those occupied by the relativistic charged secondaries in carbon-nucleus interactions. 
5.9 R(T) )-distributions as a function of target size 
For investigating the dependence of the rapidity width distribution on target size, the 
data are divided into three different N^-intervals, (i) N^=0,1, (ii) 2<N^<8 and (iii) N^>8. 
The shower width distributions for various N^^ -bins are displayed in Fig.5.9. It may be 
noticed in this figure that the peak of R{il )-distribution shifts towards lower values of 
R( r\ )With increasing impact parameter. Incidentally, this feature can be explained in 
terms of the fact that shower particles produced with relatively larger angle would tend to 
appear in the target fragmentation region. Furthermore, it may be mentioned that the aver-
age value of R( T|) tend to increase with increasing N^ as reflected in Table 5.1 
5.10 Variations of <R( r\ )> with <N^> and <N^> 
Dependences of the average values of R( Tj) on <N^> and <N^> are shown in Fig.5.10. 
It may be stated that <R( r| )> varies linearly with <N^> as well as <N^>. The experi-
mental data are reproduced very well by the following expression: 
<R( Tl )> = a <N.> + b (5.8) 
where N = N or N,. The values of constants 'a' and 'b ' are tabulated in Table 5.2. 
I s n 
5.11 Evidence regarding the cluster formation 
It has been shown [8,13-20] quite convincingly that relativistic secondary particles 
are produced via the formation of clusters in hadron-hadron, hadron-nucleus and nucleus-
nucleus collisions; unambiguous evidence indicating the presence of several clusters in 
an interaction has also been obtained[15,21-23]. Further, results reveal [16] the presence 
of more than two charged shower particles in a single cluster. Furthermore, by studying n-
particle correlations, it has been shown [17] that clusters of different sizes are produced 
in nucleon-nucleon collisions at cosmic ray energies - 1 TeV. These studies, however, do 
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not lead to any definite information regarding the exact size of the cluster, that is, the 
number of charged particles constituting a cluster. Hence, a study of the problem at 
accelerator energies is expected to reveal some significant and useful information about 
the dynamics of cluster formation as well as the size of the clusters because the rapidities 
of the secondary particles produced in such collisions could be determined accurately. 
5.12 Rapidity gap distributions 
In order to explain the production of secondary particles via the decay of clusters, 
theoretical analysis in the framework of the multiperipheral models have been carried out 
by Snider |16) and Quigg et al (18). Both of these models reproduce the rapidity gap 
distributions extremely well but their predictions are quite contrary to each other. 
According to Snider's model which is nothing but a two-channel generalization of the 
Chew-Pignotti model [19], the rapidity gap distribution should have the form: 
- ^ = A exp(-Br) + C exp(-Dr) (5.9) 
where r is the rapidity difference between two adjacent particles and A, B, C and D are 
constants. Parameter B is regarded as a measure of the strength of the correlation. On 
the other hand, the QPT model envisages that the rapidity gap distribution should be 
reproduced by a single exponential function. 
In order to examine the size of the clusters produced in 4.5 A GeV/c silicon-nucleus 
collisions, two- and three-particle rapidity differences are plotted in Figs.5.11-5.12; the 
relativistic charged particles are arranged in the descending order of their rapidities. 
Particles having the minimum and maximum rapidities in each collision are excluded 
from the analysis as these are regarded [19-20] as the leading and the target particles. It 
may be noted that the solid curves in these figures correspond to Eq.(5.9), whereas the 
broken lines in each figure represent the individual contributions of the two exponential 
terms of the same equation. It may be mentioned that the values of the coefficients A, B, 
C and D occurring in Eq.(S.9) have been obtamed by using the CERN standard program 
MBVUTT. 
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The estimated values of parameters A, B, C and D occurrmg in Eq.(5.9) arc 
tabulated in Table 5.3 alongwith the results reported by other workers in high energ> 
nucleon-nucleon 115,17], hadron-nucleus [21] and nucleus-nucleus collisions 122,23). 
It may be noted from the table that the value of the parameter D obtamed in the 
present investigation is in marked disagreement with those reported by other work-
ers[22,23]. However, the value of this parameter obtained in 4.5 A GeV/c sihcon-nucleuus 
collisions is almost the same as reported for nucleon-nucleon and hadron-nucleus inter-
actions in the energy range ~ (24-1000) GeV [15,17,21]. Hence, this parameter can not 
be regarded as a sensitive parameter. It may further be seen in Table 5.3 that the value of 
the slope B, which is regarded as a measvu-e of the strength of the correlation, remains 
essentially constant irrespective of the mass of the projectile and momentum per nucleon. 
These results suggest that the strength of the correlations do not depend on the energy 
and projectile mass. Furthermore, it may be seen that the value of the coefficient B 
decreases with increasing mmiber of charged shower particles constituting a cluster. It 
may be pointed out that in the case of three-particle correlation, the value of the param-
eter D obtained for silicon-nucleus collisions is higher as compared to those obtained in 
high energ\' hadronic interactions. It may be noticed from the table that in the case of 
silicon-nucleus collisions, the value of the parameter B decreases with increasing num-
ber of the correlated particles. However, the value of the parameter D, is found to remain 
nearly the same for the two- and three-particle correlations. Distinct and sharp peaks at 
relatively smaller values of rapidity gaps are observed in Figs.5.11-5.12 in the case of 
two- and three-particle rapidity distributions, revealing thereby the existence of two- and 
three-particle correlations. It is also seen that the curves drawn by the broken lines, which 
correspond to the short-range correlation, almost coincide with the solid curves in the 
two cases considered. 
The findings of the present study reveal that the cluster size obtained in the case of 
nucleus-nucleus collisions is almost the same as those observed in high energy hadronic 
collisions and the values of the parameters B and D are also nearly the same in 
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nucleus-nucleus, nucleon-nucleon and hadron-nucleus interactions. These results, would 
therefore, indicate that the dynamics of multiparticle production in relativistic nucleus-
nucleus colisions is probably not much different from those operating in high energy 
nucleon-nucleon and hadron-nucleus interactions. 
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In the present investigation a random sample of 1524 disintegrations with N^>0, 
where N^ represents the number of heavily ionizing particles in an interaction having (3<0,7, 
caused by 4.5 A GeV/c silicon projectile in nuclear emulsion. Furthermore, for examin-
ing the dependence of various emission characteristics of secondary particles produced 
in nucleus-nucleus interactions on the mass of the target nuclei, the data are divided into 
three distinct groups of disintegrations, (i) events with N^=0,1 due to hydrogen nuclei, 
(ii) disintegrations having 2<N^<8 corresponding to the light group of nuclei (CNO) and 
peripheral collisions with heavy (AgBr) nuclei and (iii) interactions with Nj^ >8 due to 
AgBr nuclei. Dependence of various emission characteristics of different charged parti-
cles on projectile mass has also been investigated at the same beam momentum per nucleon. 
In order to investigate the characteristics of multiparticle production in 4.5 A 
GeV/c silicon-nucleus interactions, multiplicity distributions of grey, black, heavy and 
shower tracks and compound multiplicity are investigated and the dispersions of their 
distributions have also been computed. Results obtained in the present study are com-
pared with those reported earlier involving different projectiles. The results reveal that 
the multiplicity distribution of black tracks does not depend on the projectile mass whilst 
N -distribution becomes enriched by the events of higher N multiplicity with increasing 
projectile mass. This result is in fine agreement with the predictions of the fire-ball 
model. However, the shapes of the multiplicity distributions of relativistic charged 
particles produced in nucleus-nucleus collisions change appreciably with increasing pro-
jectile mass; however, with increasing projectile mass, the number of events having lower 
values of N^ decreases and the distribution tends to become broader. This result, inciden-
tally, is in good accord with the predictions of the superposition model. 
Mean numbers of the grey, <N >, black, <N^>, shower, <N>, and heavy tracks, 
<N|^ > and compound multiplicity, <N>, are determined. The value of <^^> is found to 
remain essentially constant with respect to mass and momentum per nucleon of the pro-
jectile. The constancy of <^^> suggests that the average energy imparted to the struck 
nucleus for its excitation does not depend on the projectile mass. This observation also 
1 TT 
indicates that the number of evaporation products emitted from the struck nuclei can be 
interpreted as a measure of the temperature of the excited target nuclei after high energy 
interactions. Thus, the constancy of the value of <N^> suggests that it is not possible to 
heat the target nucleus beyond a certain critical temperature. 
The value of <N > is found to increase rapidly with increasing projectile mass at 
the same primary beam momentum per nucleon. This result can be explained in terms of 
the predictions of the fire-ball model. According to this model, grey tracks arise from 
the participant volume and the number of participant nucleons should increase due to 
increasing volume of the cylinder cut in the target nucleus by the projectile nucleus. This 
volume increases with increasing mass of the projectile. Consequently, the value of <N^> 
should increase. The values of <N > and <N > are observed to increase with increasing 
s c ° 
mass of the projectile and the target. However, the values of the ratios <N >/D(N^) and 
<N^>/D(N^) are observed to remain essentially unchanged. 
From the study of the angular distributions of black and grey tracks produced in 
silicon-nucleus interactions at 4.5 A GeV/c, one may conclude that the phenomenon of 
shock wave production does not take place in these collisions. These results also 
indicate that the angular distributions of black and grey particles are almost independent 
of the projectile mass. A comparative study of the angular distributions of relativistic 
charged particles produced in carbon- and silicon-nucleus collisions at the same projec-
tile momentum per nucleon reveals that distributions are almost similar in both the cases. 
In order to examine the validity of KNO scaling in nucleus-nucleus interaction:, 
the experimental data are fitted in terms of the scaling function of the type proposed by 
Slattery for both relativistic charged particles and compound multiplicity. The scaled 
multiplicity distributions of relativistic charged particles and compound multiplicity dis-
tribution show a KNO scaling behaviour in silicon-nucleus collisions. The integral prob-
ability distributions of relativistic charged particles, heavily ionizing particles and com-
pound multiplicity also exhibit KNO like scaling behaviour for the three groups of inter-
actions considered in the present investigation. A study of the dependence of D(N) with 
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<N>, where i denotes grey, black, heavily ionizing, relativistic charged particles and com-
pound multiplicity, also reveals a KNO type scaling behaviour. 
An attempt has been made to study the multiplicity correlations of the type 
<N.(N )>, where N., N =Nj^ , N , N ,^ N^, N^, and i^ j^ for silicon-nucleus collisions. The 
study of the multiplicity correlations indicates that <N >-<Nj^ > correlation is linear one 
only up to <N^>=23 and thereafter the behaviour becomes quite random. This type of 
behaviour of <N >-<Nj^ > correlation may be due to the total disintegration of the struck 
nuclei. However, <N^>, <N^> and <N^> are observed to increase linearly with <Nj^ >. 
The results also reveal that <N^>, <N^> and <N^> vary linearly with <N >. A study of the 
variations of <N > and <N > with <N > and <N > with <N > demonstrate that almost 
h c s c n 
linear relationships exist between the studied parameters. 
The central moments of the relativistic charged particles are observed to depend 
strongly on the projectile mass. However, the values of the normalized moments of the 
relativistic charged particles do not exhibit any significant change with increasing mass 
of the projectile. 
From the study of the characteristics of the catastrophic destruction of heavy 
emulsion nuclei, the probability of total disintegration is observed to depend strongly on 
the projectile mass. This finding may be explained in the light of the fact that at high 
enough energies, elastic cross-sections do not depend on the energy of the projectile but 
weakly do so on the mass of the struck nuclei. Furthermore, the study of the multiplicity 
distributions of grey, black and shower tracks and compound multiplicity for inclusive 
events (N^<27) and totally disintegrated events (N^>28) reveals that these distributions 
become broader due to total disintegration of AgBr nuclei. These results also indicate 
that the number of events having higher values of N^ increases for relatively lower value 
of impact parameter. The dependence of <N^> on the average number of intranuclear 
collisions, <v>, is observed to grow rapidly in the case of events having Nj^ >28 as 
compared to the observed behaviour for the total ensemble of inelastic collisions. 
1 3 4 
As expected the mean values of the multiplicities of different types of secondary 
particles for the totally disintegrated events are found to be much higher in comparison 
to those obtained for the events due to the inclusive collisions and the collisions charac-
terized by N^>0. It may be of interest to note that <Nj> grows rapidly with increasing 
projectile mass. 
Angular characteristics of relativistic charged particles are studied in terms of the 
pseudorapidity variable, Tj, defined as r\= - In tan 6/2, where 6 is the emission angle of a 
relativistic charged particle with respect to the mean direction of the projectile in the 
laboratory frame. The behaviour of the distribution is observed to become relatively 
broader with increasing mass of the projectile. Moreover, the peaks of Ti-distributions 
are observed to shift towards higher values of T| with increasing projectile mass. Study 
of T|-distributions in different N^- intervals has also been carried out; the average 
multiplicity of shower particles increases in both the target fragmentation and central 
regions with decreasing impact parameter. However, in the projectile fragmentation 
region, the average value of the relativistic charged particles remains almost unchanged 
in all the N^^-intervals considered. The value of the normalized pseudorapidity densities 
for both totally disintegrated events and inclusive collisions are found to be less than 
unity in the projectile fragmentation region. This result indicates that the additional 
particles created in consecutive intranuclear collisions carry away some of the energy of 
the projectile nucleus thereby reducing its momentum as compared to the peripheral 
collisions. The mean normalized pseudorapidity density is observed to increase rapidly 
in the target fragmentation region. This observation can be explained in terms of the 
fragmentation zone hypothesis. According to this hypothesis, some more time is 
required for the productions of particles in its own rest frame. 
Dispersions, D(Ti) of the pseudorapidity distributions show that a distinct and clear 
peak occurs in the case of catastrophic destructions of heavy emulsion nuclei. The maxima 
of D(TI) distributions are also observed to shift towards relatively lower values of D(TI) 
with increasing impact parameter in the case of inclusive collisions. 
1?^. 
The behaviour of the rapidity width, R(r|), distributions for the two groups of colli-
sions having N^<27 and N^>28 is also investigated. It is found that the maxima of 
R-distributions shift towards lower values of R(T|) with increasing impact parameter. 
This may be due to the fact that the shower particles produced at relatively larger angles 
would tend to appear in the target fragmentation region. 
Angular characteristics of relativistic charged particles are investigated in terms 
of the pseudorapidity, T|. The results obtained in the present study are also compared with 
the corresponding results obtained in carbon-nucleus collisions at the same projectile 
momentum per nucleon. The findings of the present work reveal that the shape of the 
Ti-distribution is almost the same for both types of interactions. However, it is observed 
that the excess of the relativistic charged particles appear in the central region of 
Tj-spectra with increasing projectile mass. The results further show that the distribution 
does not depend on the projectile mass in the target fragmentation region. These results 
are almost similar to those reported for high energy hadron-nucleus collisions. 
From the study of the dependence of Tj-distribution on the number of heavily ion-
izing particles, N ,^ it may be concluded that the peaks of the ii-distributions shift towards 
higher values of TI with increasing impact parameter. Moreover, the value of < T| > is 
found to decrease with decreasing value of impact parameter and the value of < T| > is 
also observed to decrease monotonically with increasing <N^ >^, <N >, <N> and <^^>^ 
The peaks of D( r) ) distributions are found to shift towards lower values of D( T) ) with 
increasing projectile mass. However, the maxima of D( Ti ) distributions shift towards 
higher values of D( Tj) with decreasing impact parameter. The value of <D(T| )> is found 
to decrease with <N>, while the value of this parameter is observed to increases with 
increasing value of <N^>. 
The study of the rapidity width distribution, R( T| ), for the three groups of disin-
tegrations indicates that the peaks of R( T) ) distributions shift towards lower values of 
R( 11 ) with increasing impact parameter and the value of <R( T| )> increases with 
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increasing N .^ However, the peaks of R( Ti ) distributions are almost independent on the 
projectile mass. It is also found that <R( T^  )> grows linearly with both <N > and <N|^ >. 
Finally, from the study of the rapidity gap correlations, it may be concluded that 
the cluster size is almost the same in nucleus-nucleus, nucleon-nucleon and 
hadron- nucleus collisions at higher energies. The values of the parameters B and D are 
observed to be nearly the same for the above three types of collisions. This observation 
also suggests that mechanism of hadronization of the final state relativistic charged 
particles operating in these collisions is probably the same. 
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